WO 2005/060739 



PCT/AU2004/001844 



1 

Transgenic Non-Human Mammal comprising a polynucleotide encoding 

human or humanized C5aR 

FIELD OF THE INVENTION 

5 The present invention relates to transgenic non-human mammals comprising a 

polynucleotide encoding a human or humanized C5aR. The invention also relates to 
use of the transgenic non-human mammals in methods of screening for agonists, 
inverse agonists and antagonists of human C5aR and for testing efficacy of C5aR 
agonists, inverse agonists and antagonists in various animal models of disease. 

10 

BACKGROUND OF THE INVENTION 

Proteolysis of each of the complement proteins C3-C5 gives rise to aminoterminal 
cationic fragments with signalling molecules called anaphylatoxins. The most potent of 

15 these, C5a, elicits the broadest responses. Considering the components of the 

inflammatory response as margination and infiltration of leukocytes, release of granule- 
bound proteolytic enzymes, production of activated oxygen and nitrogen-derived 
radicals, changes in blood flow and capillary leakage, along with the ability to contract 
smooth muscle, the C5a molecule is the "complete" pro-inflammatory mediator. At 

20 sub-nanomolar to nanomolar levels, the C5a molecule elicits chemotaxis of all myeloid 
lineages (neutrophils, eosinophils and basophils, macrophages and monocytes), and 
causes vascular permeability which is markedly potentiated by prostaglandins and 
circulating leukocytes. Higher nanomolar concentrations elicit degranulation and 
activation of NADPH oxidase. This breadth of bioactivity contrasts with other 

25 inflammatory mediators. C5a has been implicated in the pathogenesis of rheumatoid 
arthritis, psoriasis, sepsis, reperfusion injury, and adult respiratory distress syndrome. 

The activities of C5a are mediated by the binding of the C5a to its receptor (C5aR). 
C5aR belongs to the family of seven transmembrane G-protein-coupled receptors. 
30 C5aR is a high affinity receptor for C5a, with a Kd of - InM, and is located on a 

number of different cell types including leukocytes. The number of receptors per cell is 
extremely high, up to 200,000 sites per leukocyte. Biological activation of the receptor 
occurs over the range that saturates binding. 
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C5aR comprises an extended N-terminal extracellular domain. This large N-terminal 
domain is typical of G-protein coupled receptors which bind peptides including the IL-8 
and fMet-Leu-Phe (FMLP) receptor families. The C5aR structure conforms to the 
seven transmembrane receptor family, with the extracellular N-terminus being followed 
5 by seven transmembrane helices connected by interhelical domains alternating as 
intracellular and extracellular loops, and ending with an intracellular C-terminal 
domain. 

Agonists of C5aR are useful for therapeutic purposes, for example, in defence against 
10 bacterial infection, to stimulate immunoregulatory effects of C5a, and to treat cancers, 
immunodeficiency diseases and severe infections. 

Antagonists of C5aR are also useful therapeutic agents, for example for treating 
inflammatory diseases and autoimmune disorders. For example, antagonists of C5aR 

15 are useful in the treatment of asthma, bronchial allergy, chronic inflammation, systemic 
lupus erythematosis, vasculitis, rheumatoid arthritis, osteoarthritis, gout, some auto- 
allergic diseases, transplant rejection, inflammatory bowel disease (for example, 
ulcerative colitis), in certain shock states, myocardial infarction, and post- viral 
encephalopathies. To this end, C5aR peptide antagonists and anti-C5a receptor 

20 antibodies have been previously described. For example, WO95/00164 describes 

antibodies directed against an N-terminal peptide (residues 9-29) of the C5a receptor. 

Currently, alternative and/or improved C5aR antagonists and antagonists are desirable, 
as are improved methods of screening for C5aR antagonists and antagonists. 

25 

In vitro screening methods for detecting of C5aR agonists/antagonists are known in the 
art. For example, chemotaxis assays can be used to assess the ability of an antibody or 
functional fragment thereof to block binding of a ligand to C5aR and/or inhibit function 
associated with binding of the ligand to the receptor. These assays are based on the 

30 functional migration of cells in vitro induced by a compound. Chemotaxis can be 
assessed by any suitable means, such as in an assay utilizing a 96-well chemotaxis 
plate, or using other art-recognized methods for assessing chemotaxis. For example, 
the use of an in vitro transendothelial chemotaxis assay is described by Springer et ah 
(Springer et ah, WO 94/20142, published Sep. 15, 1994; see also Berman et al., 

35 Immunol. Invest. 17: 625-677 (1988)). Migration across endothelium into collagen gels 
has also been described (Kavanaugh et ah, J. Immunol, 146: 4149-4156 (1991)). 



WO 2005/060739 



PCT/AU2004/001844 



3 

A critical requirement in the drug discovery process is the demonstration in relevant 
animal models that new therapeutic agents identified by in vitro screening methods are 
safe and effective. Moreover, it is often desirable to compare the in vivo efficacy of 
5 numerous agents to select for desirable properties including pharmacokinetic properties, 
efficacy in affecting disease outcome and lack of adverse side effects. One of the main 
obstacles to drug development is moving drug candidates from in vitro assays to 
demonstration of in vivo efficacy. Often this is because many drug candidates are 
species-specific. For instance, an antagonist developed to a human chemoattractant 
10 receptor, such as C5aR, might antagonise only human C5aR and not C5aR from mouse, 
rabbit or even higher primates. The inability of many drugs candidates to "work" 
across species is a major reason for attrition in the preclinical phase. 

Improved screening methods that allow identification and/or testing of human C5aR 
15 agonists, inverse agonists and antagonists in an in vivo environment are therefore 
desirable. 

SUMMARY OF THE INVENTION 

20 The present inventors have found that a number of C5aR antagonists react with human 
C5aR but not C5aR from other species. For example, monoclonal antibodies MAb 
7F3, MAb 6C12 and MAb 12D4 (described in PCT/AU03/00084) bind to human C5aR 
but do not bind to mouse or baboon C5aR. This brings to light the need for an in vivo 
screening and validation system that is capable of detecting and/or validating 

25 agonists/antagonists that are specific for human C5aR. 

The present inventors have also found that chemotaxis of murine cells engineered to 
express human C5aR is inhibited by anti-human C5aR antibodies. This finding, 
coupled with the knowledge that murine C5a binds to human C5aR with high affinity, 
30 indicates that human C5aR is compatible with C5aR signalling machinery in other 

mammalian systems. The present inventors have therefore developed a transgenic non- 
human mammal that expresses a human C5aR and is useful for screening or testing of 
agonists/antagonists of C5aR, particularly those agonists/antagonists specific for human 
C5aR. 

35 
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Accordingly, the present invention provides a transgenic non-human mammal 
comprising a polynucleotide encoding a human C5aR or humanized C5aR. 

In one embodiment, the polynucleotide encodes human C5aR. Preferably, the 
5 polynucleotide encodes a polypeptide comprising a sequence as shown in SEQ ID 
NO:3, or an allelic variant thereof. 

In a further embodiment, the polynucleotide comprises a sequence as shown in SEQ ID 
NO:2, or an allelic variant thereof. 

10 

In a further embodiment, the polynucleotide encodes humanized C5aR. By "humanized 
C5aR" we mean a non-human C5aR that has been modified so as to introduce or 
enhance at least one functional characteristic of native human C5aR. Preferably, the 
non-human C5aR is the C5aR endogenous to the transgenic mammal. 

15 

For example, the modification may alter the binding specificity of the non-human C5aR 
such that the humanized C5aR binds to one or more ligands, agonists, inverse agonists 
or antagonists of human C5aR. Alternatively, the modification may enhance the 
binding affinity of the non-human C5aR to one or more ligands, agonists, inverse 
20 agonists or antagonists of human C5aR. In one preferred embodiment, the modification 
enhances the binding affinity of the non-human C5aR to one or more ligands, agonists, 
inverse agonists or antagonists of human C5aR by at least 5 fold, more preferably by at 
least 10 fold. 

25 The modification preferably involves substitution of at least one amino acid of the non- 
human C5aR with the corresponding amino acid of human C5aR. 

Preferably, the modification comprises replacing at least one domain or a substantial 
part thereof with the corresponding domain of human C5aR or a substantial part 
30 thereof. For example, the modification may comprise replacing least one extracellular 
domain of the endogenous C5aR with the corresponding human C5aR extracellular 
domain. The humanized C5aR may thus comprises at least one extracellular domain of 
human C5aR. In one example, the humanized C5aR comprises intracellular domains of 
the endogenous C5aR and extracellular domains of human C5aR. 



35 
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In a preferred embodiment the transgenic mammal has somatic and germline cells 
which contain, in a stably integrated form, a polynucleotide encoding human or 
humanized C5aR. In other words, it is preferred that the transgenic mammal is a 
"knock in" for human or humanized C5aR. It will be appreciated that this can be 
5 achieved by, for example, introducing a polynucleotide construct encoding human 
C5aR or a polynucleotide construct encoding humanized C5aR into the genome of a 
mammal by targeted integration into the genome of the mammal. 

Alternatively, a polynucleotide construct encoding a fragment of human C5aR may be 
10 integrated within the endogenous C5aR sequence, such that following integration, the 
endogenous C5aR site comprises polynucleotide encoding humanized C5aR. 

In a further preferred embodiment, the transgenic mammal is homozygous for human or 
humanized C5aR. 

15 

In a further preferred embodiment, expression of endogenous C5aR in the transgenic 
animal is undetectable or insignificant. Reduction in expression of endogenous C5aR 
may be achieved by any suitable means. For example, the cells of the transgenic 
mammal may be modified so as to express an antisense nucleic acid complementary to 
20 nucleic acids encoding endogenous C5aR. Alternatively, the endogenous C5aR gene 
may be disrupted by homologous recombination. Preferably, the transgenic mammal is 
a homozygous "knock out" for endogenous C5aR. 

In a preferred embodiment of the invention, the "knock out" of endogenous C5aR 
25 occurs simultaneously with the introduction of human or humanized C5aR. This is 

preferably achieved by replacing the endogenous C5aR coding sequence or a fragment 
thereof with a corresponding human C5aR coding sequence or fragment thereof by way 
of targeted homologous recombination. In one particular embodiment of the invention, 
one or more of the domains of the endogenous C5aR is replaced with the corresponding 
3 0 human domain(s) . 

The transgenic animals of the present invention may comprise other genetic alterations 
in addition to the presence of a human C5aR encoding sequence. For example, the 
genome of the transgenic animal may be altered to affect the function of endogenous 
35 genes , contain marker genes, or other genetic alterations consistent with the methods of 
the present invention. 



WO 2005/060739 



PCT/AU2004/001844 



6 

In a further preferred embodiment of the invention, the transgenic non-human mammal 
is selected from the group consisting of a cow, pig, goat, sheep, camel, horse, cat, dog, 
monkey, baboon, rabbit, guinea pig, rat, hamster and mouse. Rodents such as rats, 
5 mice and hamsters are preferred mammals. Preferably, the transgenic mammal is a 
mouse. 

The present invention also provides an isolated tissue, isolated organ, isolated cell(s), 
primary cell culture or established cell line obtained from the transgenic non-human 
10 mammal of the invention. Preferred organs or tissues include smooth muscle, 
endothelial tissue, contractile muscle and heart. 

The present invention also provides a method for producing a transgenic non-human 
mammal, the method comprising introducing into the genome of a non-human mammal 
15 a polynucleotide construct encoding human C5aR, humanized C5aR or a fragment of 
human C5aR, to produce a transgenic non-human mammal. 

In one embodiment, the polynucleotide construct encodes human C5aR. Preferably, the 
polynucleotide encodes a polypeptide comprising a sequence as shown in SEQ ID 
20 NO: 3, or an allelic variant thereof. 

In a further embodiment, the polynucleotide construct comprises a sequence as shown 
in SEQ ID NO:2, or an allelic variant thereof. 

25 In a further embodiment, the polynucleotide construct encodes humanized C5aR. 

In a further embodiment of the invention, the polynucleotide construct encodes a 
fragment of human C5aR. Preferably, the fragment encompasses at least one domain of 
human C5aR or a part thereof. 

30 

In a preferred embodiment of the invention, the fragment encompasses at least one of 
the domains listed in Table 1. In one particular embodiment, the fragment encompasses 
at least one extracellular domain of human C5aR. In another embodiment, the fragment 
encompasses two or more of the domains listed in Table 1. 
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In a further preferred embodiment, the method further comprises disrupting the 
endogenous C5aR of the non-human mammal. Preferably, the transgenic mammal is a 
homozygous "knock out" for endogenous C5aR. 

5 In a preferred embodiment the method comprises replacing the endogenous C5aR 
coding sequence or a fragment thereof with a corresponding human C5aR coding 
sequence or fragment thereof by way of targeted homologous recombination. In one 
particular embodiment of the invention, the method comprises replacing one or more of 
the domains of the endogenous C5aR with the corresponding human domain(s). 

10 

In a further preferred embodiment the polynucleotide construct comprises a selectable 
marker. Any suitable selectable marker may be used, although a preferred selectable 
marker is the PGK-neo gene. Preferably, the selectable marker is flanked by loxP sites 
so that the selectable marker can be removed after targeting by transient expression of 
15 the Cre recombinase. 

In a further preferred embodiment, the polynucleotide construct comprises regions 
homologous to the 3 ! and 5 ! sequences flanking the endogenous C5aR coding sequence 
of the non-human mammal. Preferably, the polynucleotide construct comprises regions 
20 homologous to at least 2 kb, more preferably around 3 kb, upstream and downstream of 
exon 3 of the endogenous C5aR gene. 

It will be appreciated that the transgenic mammals of the present invention will be 
useful in the identification, evaluation or validation of novel agonists, inverse agonists 

25 and antagonists of C5aR. For example, transgenic mammals of the present invention 
can be used to screen a number of candidate compounds to identify agonists, inverse 
agonists or antagonists of human C5aR function. The transgenic mammals of the 
present invention can also be used to evaluate the therapeutic suitability of agonists, 
inverse agonists or antagonists of human C5aR function that have previously been 

30 identified in screening methods. 

Accordingly, the present invention also provides a method for evaluating at least one 
pharmacokinetic and/or pharmacodynamic effect of a candidate compound, the method 
comprising administering a candidate compound to a transgenic mammal of the present 
35 invention or isolated tissue or cells obtained therefrom and examining at least one 
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pharmacokinetic and/or pharmacodynamic effect of the candidate compound on the 
transgenic mammal. 

In a preferred embodiment, the at least one pharmacokinetic effect examined is an 
5 absorption parameter, a distribution parameter, a metabolism parameter, or an excretion 
parameter. 

For example, the at least one pharmacokinetic effect examined may be volume of 
distribution, total clearance, protein binding, tissue binding, metabolic clearance, renal 
10 clearance, hepatic clearance, biliary clearance, intestinal absorption, bioavailability, 
relative bioavailability, intrinsic clearance, mean residence time, maximum rate of 
metabolism, Michaelis-Menten constant, partitioning coefficients between tissues and 
blood or plasma, fraction excreted unchanged in urine, fraction of drug systemically 
converted to metabolites, elimination rate constant, half-life, or secretion clearance. 

15 

For purposes of clarity and to assist in understanding the full scope of the present 
invention, "pharmacokinetic effects" refers to the study of the kinetics associated with 
the dynamic processes of a parameter such as absorption, distribution, metabolism, and 
excretion (ADME) of a candidate compound and/or its metabolites within a living 
20 organism. As used within the context of the present invention, the following 

pharmacokinetic terms shall be construed broadly, and shall have their generally 
accepted meanings as set forth below. 

"Absorption" refers to the process of uptake of a candidate compound from the site of 
25 administration into the systemic circulation. The transfer of the candidate compound 
across the intestinal lumen is generally referred to as oral absorption, whereas the 
transfer of the candidate compound across an external physiological barrier is referred 
to general absorption. The pharmacokinetic parameter of absorption may be estimated 
from biosensor data associated with a sensor chip having, for example, a plurality of 
30 appropriate liposomes immobilized thereon. 

"Distribution" refers to the transfer of a candidate compound from the site of 
administration to the total systemic circulation and then to extracellular and 
intracellular water and tissues. Distribution is usually a rapid and reversible process. 
35 The pharmacokinetic parameter of distribution may be estimated from biosensor data 
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associated with a sensor chip having, for example, a plurality of appropriate plasma 
proteins, liposomes, and/or transport proteins immobilized thereon. 

"Metabolism" refers to the sum of all the chemical reactions for biotransformation of 
5 endogenous and exogenous substances which take place in the living cell. The 
pharmacokinetic parameter of metabolism may be estimated from biosensor data 
associated with a sensor chip having, for example, a plurality of appropriate metabolic 
enzymes immobilized thereon. 

10 "Excretion" refers to the final elimination or loss of a drug from the body. Excretion 
includes both passive diffusion and relative specific carrier mediated excretion. 
Candidate compounds may be excreted, unchanged or as metabolites, in urine via the 
kidneys or in feces via the bile and/or the intestine. Volatile compounds are often 
excreted in expired air by the lungs. The pharmacokinetic parameter of excretion may 

15 be estimated from biosensor data associated with a sensor chip having immobilized 
thereon, for example, an antibody that specifically detects the candidate compound, as 
well as other proteins/receptors having a high affinity/specificity against the drug 
candidate. Such antibodies and proteins/receptors may be used to quantify the 
concentration/amount of the drug in different body fluids (e.g., urine/feces) and tissues, 

20 using a direct binding assay. 

In another embodiment, the method involves examining at least one pharmacodynamic 
effect of the candidate compound on the transgenic mammal. Preferably, the at least 
one pharmacodynamic effect is modulation of C5aR activity. This can be assessed by 
25 monitoring at least one phenotype associated with C5aR signalling following 
administration of the candidate compound. 

Accordingly, in another embodiment the present invention provides a method of 
identifying a compound that modulates C5aR activity, the method comprising (i) 
30 administering a candidate compound to a transgenic mammal of the present invention 
or isolated tissue or cells obtained therefrom under conditions in which at least one 
phenotype associated with C5aR signalling is expressed; and (ii) monitoring 
development of the at least one phenotype following administration of the compound. 

35 In a preferred embodiment the method further comprises (iii) comparing the extent of 
the phenotype in the transgenic mammal or cells derived therefrom to which the 
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compound was administered relative to a control mammal or cells derived therefrom, 
wherein any difference in the nature or extent of the phenotype when compared to the 
control mammal indicates the potential of the compound to modulate C5aR activity. 

5 In one particular embodiment the present invention provides a method of identifying a 
compound that inhibits or reduces C5aR activity, the method comprising (i) 
administering a candidate compound to a transgenic mammal of the present invention 
or isolated tissue or cells obtained therefrom under conditions in which at least one 
phenotype associated with C5aR signalling is expressed; and (ii) monitoring 

10 development of the at least one phenotype following administration of the compound, 
wherein any reduction or inhibition in the nature or extent of the phenotype following 
administration indicates the potential of the compound to inhibit or reduce C5aR 
activity. Preferably, the method further comprises (iii) comparing the extent of the 
phenotype in the transgenic mammal to which the compound was administered relative 

15 to a control mammal, wherein any reduction or inhibition in the nature or extent of the 
phenotype when compared to the control mammal indicates the potential of the 
compound to inhibit or reduce C5aR activity. 

In another embodiment the present invention provides a method of identifying a 
20 compound that promotes or enhances C5aR activity, the method comprising (i) 

administering a candidate compound to a transgenic mammal of the present invention 
or isolated tissue or cells obtained therefrom under conditions in which at least one 
phenotype associated with C5aR signalling is expressed; and (ii) monitoring 
development of the at least one phenotype following administration of the compound, 
25 wherein any enhancement in the nature or extent of the phenotype following 

administration indicates the potential of the compound to promote or enhance C5aR 
activity. Preferably, the method further comprises (iii) comparing the extent of the 
phenotype in the transgenic mammal to which the compound was administered relative 
to a control mammal, wherein any enhancement in the nature or extent of the phenotype 
30 when compared to the control mammal indicates the potential of the compound to 
promote or enhance C5aR activity. 

The "control" animal employed in this context can be any other mammal that expresses 
the same phenotypic indictors as those expressed in the mammal on which the 
35 compound was tested (i.e. the "test" mammal). 
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In one embodiment, the control and test animals express similar levels of functional 
human C5aR. For example, the control and test animals may be isogenic. 

In another embodiment, the control animal is a wild type animal that does not express 
human or humanized C5aR. 

The phrase "phenotype associated with C5aR signalling" is intended to encompass any 
visible characteristic and/or behaviour (including a clinical symptom of a disease) that 
is associated with a biochemical process involving C5aR signalling. The phenotype 
may be associated with normal or aberrant C5aR signalling. In one embodiment the 
phenotype is a condition that is aggravated by C5aR signalling such as an immune 
complex disorder, an inflammatory or allergic disease, graft rejection or cancer. In 
another embodiment, the phenotype is a condition that is alleviated or abated by 
increased C5aR signalling such as a condition associated with immunosuppression. 

In one particular embodiment, the phenotype is inflammation. The inflammation may 
be induced, for example, by transfer of serum from an arthritic K/BxN mammal into a 
transgenic mammal of the invention. 

In another embodiment the phenotype is inflammatory tissue damage such as 
ischaemia-reperfusion injury. 

In another embodiment, the phenotype is leukocyte infiltration. 
In another embodiment, the phenotype is asthma. 

In another embodiment, the phenotype is sepsis, stroke or respiratory distress syndrome. 

In another embodiment, the phenotype is a condition selected from the group consisting 
of inflammatory or allergic diseases and conditions, including respiratory allergic 
diseases such as asthma, allergic rhinitis, hypersensitivity lung diseases, 
hypersensitivity pneumonitis, interstitial lung diseases (ILD) (e.g., idiopathic 
pulmonary fibrosis, or ILD associated with rheumatoid arthritis, systemic lupus 
erythematosus, ankylosing spondylitis, systemic sclerosis, Sjogren's syndrome, 
polymyositis or dermatomyositis); anaphylaxis or hypersensitivity responses, drug 
allergies (e.g., to penicillin, cephalosporins), insect sting allergies; inflammatory bowel 
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diseases, such as Crohn ! s disease and ulcerative colitis; spondyloarthropathies; 
scleroderma; psoriasis and inflammatory dermatoses such as dermatitis, eczema, atopic 
dermatitis, allergic contact dermatitis, urticaria; vasculitis (e.g., necrotizing, cutaneous, 
and hypersensitivity vasculitis); autoimmune diseases, such as arthritis (e.g., 
5 rheumatoid arthritis, psoriatic arthritis), multiple sclerosis, systemic lupus 

erythematosus, myasthenia gravis, juvenile onset diabetes, nephritides such as 
glomerulonephritis, autoimmune thyroiditis, Behcet's disease; graft rejection (e.g., in 
transplantation), including allograft rejection or graft-versus-host disease; 
atherosclerosis; cancers with leukocyte infiltration of the skin or organs; reperfusion 

10 injury, stroke, adult respiratory distress syndrome, certain hematologic malignancies, 
cytokine-induced toxicity (e.g., septic shock, endotoxic shock), polymyositis, 
dermatomyositis, pemphigoid, Alzheimers Disease, granulomatous diseases including 
sarcoidosis, immunodeficiency syndromes such as AIDS, radiation therapy, 
chemotherapy, therapy for autoimmune disease or other drug therapy (e.g., 

15 corticosteroid therapy), which causes immunosuppression; and immunosuppression due 
congenital deficiency or infectious diseases such as Severe Acute Respiratory 
Syndrome (SARS). 

The range of candidate compounds contemplated herein include C5aR inhibitory 
20 compounds or inverse agonists or antagonists of a biological function of C5aR. In one 
embodiment, the compound is selected from the group consisting of: a peptide, 
including a peptide derived from C5aR or C5a or other non-C5aR peptides and capable 
of inhibiting, reducing or repressing a C5aR function, a C5aR dominant-negative 
mutant; a non peptide inhibitor of C5aR; an antibody or antibody fragment which binds 
25 to C5aR and inhibits a C5aR function; a small organic molecule, and nucleic acid, 

including nucleic acid encoding said peptide derived from C5aR or C5a or other non- 
C5aR peptide inhibitor, an antisense nucleic acid directed against C5aR-encoding 
mRNA, or an anti-C5aR ribozyme, or a small interfering RNA (RNAi) that targets 
C5aR gene expression. 

30 

The present invention also provides a method of identifying a compound that modulates 
C5aR activity, the method comprising 

(a) administering a candidate compound to a transgenic mammal of the present 
invention or isolated tissue or cells obtained therefrom under conditions in which at 
35 least one phenotype associated with C5aR signalling is expressed; and monitoring 
development of the at least one phenotype following administration of the compound 
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(b) optionally, determining the structure of the candidate compound; and 

(c) providing the candidate compound or the name or structure of the candidate 
compound. 

5 Naturally, for agents that are known albeit not previously tested for their function using 
a screen provided by the present invention, determination of the structure of the 
compound is implicit in step (b). This is because the skilled artisan will be aware of the 
name and/or structure of the compound at the time of performing the screen. 

10 As used herein, the term "providing the agent" shall be taken to include any chemical or 
recombinant synthetic means for producing said agent or alternatively, the provision of 
an agent that has been previously synthesized by any person or means. 

In embodiment of the present invention, the subject method further comprises 
15 formulating the identified compound for administration to a non-human animal or a 
human. The formulations can be suitable for administration by injection by a 
subcutaneous, intravenous, intranasal, or intraperitoneal route. Alternatively, they can 
be suitable for oral administration in the form of feed additives, tablets, troches, etc. 

20 In another aspect, the present invention provides a compound identified by a method of 
the present invention. 

The various features and embodiments of the present invention, referred to in individual 
sections above apply, as appropriate, to other sections, mutatis mutandis. Consequently 
25 features specified in one section may be combined with features specified in other 
sections, as appropriate. 
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BRIEF DESCRIPTION OF THE FIGURES 



Figure 1: Diagram showing design of targeting construct for generation of human 
C5aR knock-in mice. 

5 

Figure 2: Diagram showing transgenic mouse C5aR locus after deletion of the 
PGKneo gene by Cre recombinase. 

Figure 3: Diagram showing selected restriction sites and mouse C5aR (C5rl) gene 
10 exons. 



Figure 4: Location of oligonucleotide primers used in PCR genotyping assay. 

Figure 5: FACS analysis showing human C5aR is expressed on neutophils in mice 
15 carrying the hC5aR gene. Blood from wild-type (+/+), heterozygous (H5Rf/+) and 

homozygous (H5Rf/H5Rf) mice was incubated with a human C5aR-specific antibody 
7F3 conjugated to FITC. Area to the right of the broken line in the Neutrophil 
histogram is positive staining for 7F3-FITC. 

20 Figure 6: Progression of RA-like inflammatory disease in homozygous human C5aR 
knock-in and wild-type mice. The left panel shows the increase in ankle thickness after 
K/BxN serum was injected i.p. on days 0 and 2. The right panel shows the clinical 
score. Mice #10 and #25 are homozygous for the human C5aR gene, mouse #38 is a 
wild-type littermate. Ankle thickening and clinical disease developed in both wild-type 

25 and homozygous hC5aR gene mice in the typical fashion described for this model (Lee 
et al (2002) Science, 297, 1689-1692). 

Figure 7: Graphs showing progression and prevention of RA-like inflammatory 
disease in homozygous human C5aR knock-in mice. The left panel shows the increase 

30 in ankle thickness after K/BxN serum was injected i.p. on days 0 and 2. The right panel 
shows the clinical score. Mice #7, 10, 24 and 25 are homozygous for the humanC5aR 
gene. Mice #7 and #24 were injected with the human C5aR neutralising antibody 7F3, 
whereas mice #10 and #25 were injected with isotype control antibody. Wild-type 
littermate (mouse #38) was also treated with 7F3. Antibody was injected on days -1 

35 and +3. The mice injected with control antibody developed an inflammatory disease. In 
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15 

contrast the hC5aR knock-in mice injected with 7F3 were protected from inflammation. 
Wild-type mice injected with 7F3 were not protected from inflammation. 



5 KEY TO SEQUENCE LISTINGS 

SEQ ID NO: 1 : Sequence of mouse C5aR(C5rl) gene locus and flanking DNA. 
SEQ ID NO:2: Sequence of human C5aR cDNA. 
SEQ ID NO:3: Amino acid sequence of human C5aR. 
SEQ ID NO:4: Primer FIG (specific for human C5aR exon 3): 
15 SEQ ID NO:5: Primer R2a (specific for human C5aR exon 3): 
SEQ ID NO:6: Primer F3C (specific for the mouse C5aR gene): 
SEQ ID NO:7: Primer R4C (specific for the mouse C5aR gene): 

20 

DETAILED DESCRIPTION OF THE INVENTION 
General techniques and Definitions 

25 

Unless otherwise indicated, the recombinant DNA techniques utilized in the present 
invention are standard procedures, well known to those skilled in the art. Such 
techniques are described and explained throughout the literature in sources such as, J. 
Perbal, A Practical Guide to Molecular Cloning, John Wiley and Sons (1984), J. 

30 Sambrook et al, Molecular Cloning: A Laboratory Manual, Cold Spring Harbour 

Laboratory Press (1989), T.A. Brown (editor), Essential Molecular Biology: A Practical 
Approach, Volumes 1 and 2, IRL Press (1991), D.M. Glover and B.D. Hames (editors), 
DNA Cloning: A Practical Approach, Volumes 1-4, IRL Press (1995 and 1996), and 
F.M. Ausubel et al (Editors), Current Protocols in Molecular Biology, Greene Pub. 

35 Associates and Wiley-Interscience (1988, including all updates until present) and are 
incorporated herein by reference. In particular, these documents describe in detail 
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methods of transcribing or replicating nucleic acid molecules and suitable conditions 
required therefor. 

Definitions 

5 

Throughout this specification the word "comprise", or variations such as "comprises" or 
"comprising", will be understood to imply the inclusion of a stated element, integer or 
step, or group of elements, integers or steps, but not the exclusion of any other element, 
integer or step, or group of elements, integers or steps. 

10 

As used herein, a "ligand" of a C5aR protein refers to a particular class of substances 
which bind to a mammalian C5aR protein, including natural ligands and synthetic 
and/or recombinant forms of natural ligands. In a preferred embodiment, ligand 
binding of a C5aR protein occurs with high affinity. 

15 

As used herein, an "antagonist" is a substance which inhibits the binding of an agonist 
or inverse agonist to a C5aR protein and thus prevents at least one function 
characteristic of a C5aR protein such as a binding activity (e.g., ligand binding, 
promoter binding, antibody binding), a signaling activity (e.g., activation of a 

20 mammalian G protein, induction of rapid and transient increase in the concentration of 
cytosolic free calcium) and/or cellular response function (e.g., stimulation of 
chemotaxis, exocytosis or inflammatory mediator release by leukocytes). The term 
antagonist encompasses substances which bind receptor (e.g., an antibody, a mutant of 
a natural ligand, small molecular weight organic molecules, other competitive 

25 inhibitors of ligand binding), and substances which block receptor function without 
binding thereto. 

As used herein, an "agonist" is a substance which promotes (induces, causes, enhances 
or increases) at least one function characteristic of a C5aR protein such as a binding 

30 activity (e.g., ligand, inhibitor and/or promoter binding), a signaling activity (e.g., 

activation of a mammalian G protein, induction of rapid and transient increase in the 
concentration of cytosolic free calcium) and/or a cellular response function (e.g., 
stimulation of chemotaxis, exocytosis or inflammatory mediator release by leukocytes). 
The term agonist encompasses substances which bind receptor (e.g., an antibody, a 

35 homolog of a natural ligand from another species), and substances which promote 
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receptor function without binding thereto (e.g., by activating an associated protein). In 
a preferred embodiment, the agonist is other than a homolog of a natural ligand. 

"Inverse agonist" as used herein refers to a molecule that binds to or otherwise interacts 
5 with the C5aR to inhibit the baseline intracellular response initiated by the active form 
of C5aR below the normal base level of activity which is observed in the absence of 
agonists 

By "transgenic mammal" is meant a mammal (e.g 5 mouse, rat, hamster, etc.), having a 
10 non-endogenous (i.e., heterologous) nucleic acid sequence present as an 

extrachromosomal element in a portion of its cells or stably integrated into its germ line 
DNA (i.e., in the genomic sequence of most or all of its cells). Heterologous nucleic 
acid is introduced into the germ line of such transgenic animals by genetic manipulation 
of, for example, embryos or embryonic stem cells of the host animal. 

15 

The term "biologically active" or "functional", when used herein as a modifier of 
human C5aR, refers to a polypeptide that exhibits at least one of the functional 
characteristics attributed to native human C5aR, such as the ability to function as a C5a 
receptor or to bind to one or more natural ligands of human C5aR. 

20 

A "knock-out" of a gene means an alteration in the sequence of the gene that results in a 
decrease of function of the target gene, preferably such that target gene expression is 
undetectable or insignificant. A knock-out of an endogenous gene means that function 
of the gene has been substantially decreased so that expression is not detectable or only 

25 present at insignificant levels. "Knock-out" transgenics can be transgenic animals 
having a heterozygous knock-out of a gene or a homozygous knock-out of a gene. 
"Knock-outs" also include conditional knock-outs, where alteration of the target gene 
can occur upon, for example, exposure of the animal to a substance that promotes target 
gene alteration, introduction of an enzyme that promotes recombination at the target 

30 gene site (e.g., Cre in the Cre-lox system), or other method for directing the target gene 
alteration postnatally. 

A "knock-in" of a target gene means an alteration in a host cell genome that results in 
altered expression (e.g., increased (including ectopic)) of the target gene, e.g., by 
35 introduction of an additional copy of the target gene, or by operatively inserting a 

regulatory sequence that provides for enhanced expression of an endogenous copy of 
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the target gene. "Knock-in" transgenics of interest for the present invention are 
transgenic animals having a knock-in of a human or humanized C5aR. Such 
transgenics can be heterozygous knock-in for the human or humanized C5aR gene or 
homozygous for the knock-in of the human or humanized C5aR gene. "Knock-ins" also 
5 encompass conditional knock-ins. 

By "construct" is meant a recombinant nucleic acid, generally recombinant DNA, that 
has been generated for the purpose of the expression of a specific nucleotide sequence, 
or is to be used in the construction of other recombinant nucleotide sequences. 

10 

By "operably linked" is meant that a DNA sequence and a regulatory sequence are 
connected in such a way as to permit gene expression when the appropriate molecules 
(e.g., transcriptional activator proteins) are bound to the regulatory sequence. 

15 By "operatively inserted" is meant that a nucleotide sequence of interest is positioned 
adjacent a nucleotide sequence that directs transcription and translation of the 
introduced nucleotide sequence of interest (i.e., facilitates the production of, e.g., a 
polypeptide encoded by a human C5aR sequence). 

20 The term "corresponds to" or "corresponding to" is meant homologous to or 

substantially equivalent to or functionally equivalent to the designated sequence. 

The term "transgenic gene construct" refers to a nucleic acid molecule, e.g., a vector, 
containing the subject polynucleotide, e.g., the human C5aR polynucleotide or fragment 

25 thereof, operably linked in a manner capable of expressing the polynucleotide in a host 
cell. As used herein, the term "polynucleotide" encompasses deoxyribonucleic acid 
(DNA), and, where appropriate, ribonucleic acid (RNA). As used herein the term also 
encompasses analogs of either RNA or DNA made from nucleotide analogs, and, as 
applicable to the embodiment being described, single-stranded (such as sense or 

30 antisense) and double-stranded polynucleotides. 

Transgenic Animals 

Techniques for producing transgenic animals are well known in the art. A useful 
35 general textbook on this subject is Houdebine, Transgenic animals - Generation and 
Use (Harwood Academic, 1997) - an extensive review of the techniques used to 
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generate transgenic animals from fish to mice and cows. Of particular interest in the 
context of the present invention are transgenic non-human mammals such as cows, 
pigs, goats, horses, etc., and particularly rodents, e.g. rats, mice, hamsters, etc. 
Preferably, the transgenic animal is a mouse. 

5 

Advances in technologies for embryo micromanipulation now permit introduction of 
heterologous DNA into, for example, fertilized mammalian ova. For instance, 
totipotent or pluripotent stem cells can be transformed by microinjection, calcium 
phosphate mediated precipitation, liposome fusion, retroviral infection or other means, 

10 the transformed cells are then introduced into the embryo, and the embryo then 

develops into a transgenic animal. In a preferred method, developing embryos are 
transfected with the desired DNA by electroporation, and transgenic animals produced 
from the infected embryo. In a further preferred method, however, the appropriate 
DNAs are coinjected into the pronucleus or cytoplasm of embryos, preferably at the 

15 single cell stage, and the embryos allowed to develop into mature transgenic animals. 
Those techniques as well known. See reviews of standard laboratory procedures for 
microinjection of heterologous DNAs into mammalian fertilized ova, including Hogan 
et ah, Manipulating the Mouse Embryo, (Cold Spring Harbor Press 1986); Krimpenfort 
et ah, Bio/Technology 9:844 (1991); Palmiter et ah, Cell, 41 : 343 (1985); Kraemer et 

20 ah, Genetic manipulation of the Mammalian Embryo, (Cold Spring Harbor Laboratory 
Press 1985); Hammer et ah, Nature, 315: 680 (1985); Wagner et ah, U.S. Pat. No. 
5,175,385; Krimpenfort et ah, U.S. Pat. No. 5,175,384, the respective contents of which 
are incorporated herein by reference. 

25 Another method used to produce a transgenic animal involves microinjecting a nucleic 
acid into pro-nuclear stage eggs by standard methods. Injected eggs are then cultured 
before transfer into the oviducts of pseudopregnant recipients. 

Transgenic animals may also be produced by nuclear transfer technology as described 
30 in Schnieke, A.E. et ah, 1997, Science, 278: 2130 and Cibelli, J.B. et ah, 1998, 
Science, 280: 1256. Using this method, fibroblasts from donor animals are stably 
transfected with a plasmid incorporating the coding sequences for a binding domain or 
binding partner of interest under the control of regulatory. Stable transfectants are then 
fused to enucleated oocytes, cultured and transferred into female recipients. 



35 



WO 2005/060739 



PCT/AU2004/001844 



20 

Analysis of animals which may contain transgenic sequences would typically be 
performed by either PGR or Southern blot analysis following standard methods. 

By way of a specific example for the construction of transgenic mammals, such as 
5 cows, nucleotide constructs comprising a sequence encoding a binding domain fused to 
GFP are microinjected using, for example, the technique described in U.S. Pat. No. 
4,873,191, into oocytes which are obtained from ovaries freshly removed from the 
mammal. The oocytes are aspirated from the follicles and allowed to settle before 
fertilization with thawed frozen sperm capacitated with heparin and prefractionated by 
10 Percoll gradient to isolate the motile fraction. 

The fertilized oocytes are centrifuged, for example, for eight minutes at 15,000 g to 
visualize the pronuclei for injection and then cultured from the zygote to morula or 
blastocyst stage in oviduct tissue-conditioned medium. This medium is prepared by 
15 using luminal tissues scraped from oviducts and diluted in culture medium. The 
zygotes must be placed in the culture medium within two hours following 
microinjection. 

Oestrous is then synchronized in the intended recipient mammals, such as cattle, by 
20 administering coprostanol. Oestrous is produced within two days and the embryos are 
transferred to the recipients 5-7 days after estrous. Successful transfer can be evaluated 
in the offspring by Southern blot. 

Alternatively, the desired constructs can be introduced into embryonic stem cells (ES . 

25 cells) and the cells cultured to ensure modification by the transgene. The modified cells 
are then injected into the blastula embryonic stage and the blastulas replaced into 
pseudopregnant hosts. The resulting offspring are chimeric with respect to the ES and 
host cells, and nonchimeric strains which exclusively comprise the ES progeny can be 
obtained using conventional cross-breeding. This technique is described, for example, 

30 inWO91/10741. 

Transgenic animals comprise an exogenous nucleic acid sequence present as an 
extrachromosomal element or stably integrated in all or a portion of its cells, especially 
in germ cells. It is preferred that a transgenic animal comprises stable changes to the 
35 germline sequence. A stable change is generally achieved by introduction of the DNA 
into the genome of the cell. Vectors for stable integration include plasmids, 
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retroviruses and other animal viruses, YACs, and the like. During the initial 
construction of the animal, "chimeras" or "chimeric animals" are generated, in which 
only a subset of cells have the altered genome. Chimeras are primarily used for 
breeding purposes in order to generate the desired transgenic animal. Animals having a 
5 heterozygous alteration are generated by breeding of chimeras. Male and female 
heterozygotes are typically bred to generate homozygous animals. 

In a preferred embodiment, the transgenic non-human mammals of the invention are 
produced by introducing a human C5aR transgene into the germline of the non-human 

10 animal. Embryonal stem cell (ES) are the primary type of target cell for introduction of 
the human C5aR transgene into the non-human animal in order to achieve homologous 
recombination. ES cells may be obtained from pre-implantation embryos cultured in 
vitro and fused with embryos (Evans, M. J., et al. (1981) Nature 292, 154-156; Bradley, 
M. O., et al. (1984) Nature 309, 255-258; Gossler, et al. (1986) Proc. Natl. Acad. Sci 

15 U.S.A. 83, 9065-9069; and Robertson, et al. (1986) Nature 322, 445-448). Transgenes 
can be efficiently introduced into the ES cells by DNA transfection or by retrovirus- 
mediated transduction. Such transformed ES cells can thereafter be combined with 
blastocysts from a non-human animal. The ES cells thereafter colonize the embryo and 
contribute to the germ line of the resulting chimeric animal. For review see Jaenisch, R. 

20 (1988) Science 240, 1468-1474. The transfected embryonal cells may be incubated in 
vitro for varying amounts of time, or reimplanted into the surrogate host, or both. 

Transgenic offspring of the surrogate host may be screened for the presence and/or 
expression of the transgene by any suitable method. Screening is often accomplished 

25 by Southern blot or Northern blot analysis, using a probe that is complementary to at 
least a portion of the transgene. Western blot analysis using an antibody against the 
protein encoded by the transgene may be employed as an alternative or additional 
method for screening for the presence of the transgene product. Typically, in transgenic 
mice, DNA is prepared from tail tissue and analyzed by Southern analysis or PCR for 

30 the transgene. Alternatively, the tissues or cells believed to express the transgene at the 
highest levels are tested for the presence and expression of the transgene using 
Southern analysis or PCR, although any tissues or cell types may be used for this 
analysis. Progeny of the transgenic animals may be obtained by mating the transgenic 
animal with a suitable partner, or by in vitro fertilization of eggs and/or sperm obtained 

35 from the transgenic animal. 
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Methods of producing transgenic mice via homologous recombination between the 
endogenous gene and a transgene construct are described by Hanks, M et al (Science 
269: 679-682, 1995), which is specifically incorporated herein by reference. 

5 Human and Humanized C5aR constructs 

The introduced polynucleotide construct may encode a wild-type human C5aR 
sequence as shown in SEQ ID NO:3, or an allelic variant, biologically active derivative 
or fragment thereof. 

10 

Non-limiting examples of an allelic variants of SEQ ID NO: 3 comprise one or more of 
the following substitutions: 

Amino acid no. 2: Asp>Asn 
15 Amino acid no. 279: Asn>Lys. 

The polynucleotide construct may comprise a sequence as shown in SEQ ID NO:2, or 
an allelic variant thereof. 

20 Non-limiting examples of an allelic variants of SEQ ID NO:2 comprise one or more of 
the following base changes: 

Base no. 28: g>a 
Base no. 474: c>t 
25 Base no. 861: t>g 

Base no. 1313-1314: insertion of a 
Base no. 1447-1448: insertion of a. 

The phrase "biologically active derivative" in relation to the amino acid sequence of 
30 human C5aR includes any substitution of, variation of, modification of, replacement of, 
deletion of or addition of one (or more) amino acids from or to the sequence shown in 
SEQ ID NO:3 providing the resultant amino acid sequence has human C5aR activity, 
preferably having at least 25 to 50% of the activity as the polypeptides presented in 
SEQ ID NO:3, more preferably at least substantially the same activity. Preferably, the 
35 human C5aR includes regions sufficient to effect signalling by C5aR. 
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Thus, the human G5aR sequence shown in SEQ ID NO:3 may be modified for use in 
the present invention. Typically, modifications are made that maintain the native 
activity of the sequence. Thus, in one embodiment, amino acid substitutions may be 
made, for example from 1, 2 or 3 to 10, 20 or 30 substitutions provided that the 
modified sequence retains at least about 25 to 50% of, or substantially the same C5aR 
signalling. However, in an alternative embodiment, modifications to the amino acid 
sequences of SEQ ID NO: 3 may be made intentionally to reduce the biological activity 
of the polypeptide. 

In general, preferably less than 20%, 10% or 5% of the amino acid residues of a 
biologically active derivative are altered as compared with the corresponding region 
depicted in SEQ ID NO:3. 

Conservative substitutions may be made, for example according to the Table below. 
Amino acids in the same block in the second column and preferably in the same line in 
the third column may be substituted for each other: 



ALIPHATIC 


Non-polar 


GAP 






ILV 




Polar - uncharged 


CSTM 






NQ j 




Polar - charged 


DE 






K.R 


AROMATIC 




HFWY 



In a preferred embodiment of the invention, the C5aR coding sequence is operably 
linked to a promoter, which may be endogenous or heterologous, constitutive or 
inducible, and other regulatory sequences required for expression in the host animal. 

Alternatively, the introduced construct may encode humanized C5aR. Preferably, the 
humanized C5aR sequence is a modified version of a non-human C5aR, more 
preferably it is a modified version of the C5aR sequence endogenous to the transgenic 
mammal. The modification introduces or enhances at least one functional characteristic 
of native human C5aR in the humanized C5aR when compared to the non-human or 
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endogenous C5aR. For example, if the non-human C5aR does not bind to a particular 
ligand, agonist inverse agonists or antagonist of human C5aR, the modification may 
alter the binding specificity such that the resultant humanized C5aR binds to that 
ligand, agonist inverse agonists or antagonist. Alternatively, if the non-human C5aR 
5 exhibits a low binding affinity for a particular ligand, agonist inverse agonists or 
antagonist of human C5aR, the modification may result in a humanized C5aR that 
exhibits enhanced binding affinity for that ligand, agonist, inverse agonist or antagonist 
when compared to the non-human C5aR. In one preferred embodiment, the 
modification enhances the binding affinity of the humanized C5aR to one or more 
10 ligands, agonists, inverse agonists or antagonists of human C5aR by at least 5 fold, 

more preferably by at least 10 fold, more preferably at least 20 fold, more preferably at 
least 50 fold, more preferably at least 100 fold, when compared to the non-human 
sequence. 

15 The modification preferably involves substitution of at least one amino acid of the non- 
human C5aR with the corresponding amino acid of human C5aR. More preferably, the 
modification involves substitution of at least two, more preferably at least 5, more 
preferably at least 10, more preferably at least 20 amino acids of the non-human C5aR 
with the corresponding amino acids of human C5aR. 

20 

Preferably, the modification comprises replacing at least one domain or a substantial 
part thereof in the non-human C5aR with the corresponding domain of human C5aR or 
a substantial part thereof. For example, the modification may comprise replacing least 
one extracellular domain of the endogenous C5aR with the corresponding human C5aR 
25 extracellular domain. The humanized C5aR may thus comprises at least one 

extracellular domain of human C5aR. In one example, the humanized C5aR comprises 
intracellular domains of the endogenous C5aR and extracellular domains of human 
C5aR. 

30 The various domains of human C5aR that may be introduced into the humanized C5aR 
are listed in Table 1. 

Table 1 : 



35 



amino acids 1-37 
amino acids 38-60 



extracellular domain - N-terminus 
transmembrane domain 
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amino 


acids 


61 - 


71 


intracellular domain 


amino 


acids 


72- 


94 


transmembrane domain 


amino 


acids 


95- 


110 


extracellular domain - extracellular loop 1 


amino 


acids 


111 


- 132 


transmembrane domain 


amino 


acids 


133 


- 153 


intracellular domain 


amino 


acids 


154 


- 174 


transmembrane domain 


amino 


acids 


175 


-200 


extracellular domain - extracellular loop 2 


amino 


acids 


201 


-226 


transmembrane domain 


amino 


acids 


227 


-242 


intracellular domain 


amino 


acids 


243 


-265 


transmembrane domain 


amino 


acids 


266 


-282 


extracellular domain - extracellular loop 3 


amino 


acids 


283 


-303 


transmembrane domain 


amino 


acids 


304 


-350 


intracellular domain - C-terminus. 



15 Constructs for use in the present invention include any construct suitable for use in the 
generation of transgenic animals having the desired levels of expression of the human 
or humanized C5aR-encoding sequence. These constructs may contain cDNA, 
genomic sequences, or both. Methods for isolating and cloning a desired sequence, as 
well as suitable constructs for expression of a selected sequence in a host animal, are 

20 well known in the art. The construct can include sequences other than the C5aR- 

encoding sequences. For example, a marker gene such as lac Z may be included in the 
construct, where upregulation of expression of the encoded sequence will result in an 
easily detected change in phenotype. 

25 The term M C5aR gene" is used generically to mean a human C5aR gene and isoforms, 
alternate forms, splice variants, mutated variants, etc. of this human gene. This term is 
also intended to mean the open reading frame encoding specific polypeptides, introns, 
and adjacent 5' and 3 f non-coding nucleotide sequences involved in the regulation of 
expression, up to about 1 kb beyond the coding region, but possibly further in either 

30 direction. The DNA sequence encoding C5aR may be cDNA or genomic DNA or a 
fragment thereof. The gene may be introduced into an appropriate vector for 
extrachromosomal maintenance or for integration into the host. 

The genomic sequences of particular interest comprise the nucleic acid present between 
35 the initiation codon and the stop codon, including all of the introns that are normally 
present in a native chromosome. They may further include the 3' and 5' untranslated 
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regions found in the mature mRNA. They may further include specific transcriptional 
and translational regulatory sequences, such as promoters, enhancers, etc., including 
about 1 kb, but possibly more, of flanking genomic DNA at either the 5' or 3 f end of the 
transcribed region. The genomic DNA may be isolated as a fragment of 100 kb or 
5 smaller; and substantially free of flanking chromosomal sequence. 

The sequences of the 5' regions of the human C5aR gene, and further 5' upstream 
sequences and 3' downstream sequences, may be utilized for promoter elements, 
including enhancer binding sites, that provide for expression in tissues where C5aR is 

10 normally expressed. The tissue specific expression is useful for providing promoters 
that mimic the native pattern of expression. Naturally occurring polymorphisms in the 
promoter region are useful for determining natural variations in expression, particularly 
those that may be associated with disease. Alternatively, mutations may be introduced 
into the promoter region to determine the effect of altering expression in experimentally 

15 defined systems. Methods for the identification of specific DNA motifs involved in the 
binding of transcriptional factors are known in the art, e.g sequence similarity to known 
binding motifs, gel retardation studies, etc. For examples, see Blackwell et al. (1995) 
Mol Med 1:194-205; Mortlock et al. (1996) Genome Res. 6:327-33; and Joulin and 
Richard-Foy (1995) Eur J Biochem 232:620-626, 

20 

In one embodiment, vectors suitable for use in the present invention may comprise at 
least one expression control element operably linked to the nucleic acid sequence 
encoding human C5aR. Expression control elements may be inserted in the vector to 
control and regulate the expression of the nucleic acid sequence. Examples of 

25 expression control elements include, but are not limited to, lac system, operator and 
promoter regions of phage lamda, yeast promoters, and promoters derived from 
polyoma, adenovirus, retroviruses, or SV40. The vector may further comprise 
additional operational elements including, but not limited to, leader sequences, 
termination codons, polyadenylation signals, and any other sequences necessary or 

30 preferred for the appropriate transcription and/or translation of the nucleic acid 
sequence encoding human C5aR. 

In a further preferred embodiment, the construct comprises regions homologous to the 
3 1 and 5 f sequences flanking the endogenous C5aR coding sequence of the non-human 
35 mammal. It will be understood that these regions of homology useful for targeted 

integration of the construct into the endogenous C5aR locus of the transgenic mammal. 
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Preferably, the polynucleotide construct comprises regions homologous to at least 2 kb, 
more preferably around 3 kb, upstream and downstream of exon 3 of the endogenous 
C5aR gene. For example, the upstream and downstream sequences may be derived 
from the sequence between nucleotides 7377-15045 of SEQ ID NO:l. 

It will be further understood by one skilled in the art that such vectors are constructed 
using conventional methodology (See e.g. Sambrook et aL, (eds.) (1989) "Molecular 
Cloning, A Laboratory Manual" Cold Spring Harbor Press, Plainview, N.Y.; Ausubel et 
aL, (eds.) (1987) "Current Protocols in Molecular Biology" John Wiley and Sons, New 
York, N.Y.) or are commercially available. 

In some embodiments it may be preferable to express human C5aR in tissues that 
mimic the native pattern of expression in humans. A specific expression pattern may 
be accomplished by placing the nucleic acid encoding the human C5aR under the 
control of an inducible or developmentally regulated promoter, or under the control of a 
tissue specific or cell type specific promoter. By way of example, specific expression 
patterns may be accomplished by the use of genomic sequences for human C5aR. 

Techniques for in vitro mutagenesis of cloned genes are known. Examples of protocols 
for scanning mutations maybe found in Gustin et aL, 1993 Biotechniques 14:22; 
Barany, 1985 Gene 37:111-23; Colicelli et aL, 1985 Mol Gen Genet 199:537-9; and 
Prentki et aL, 1984 Gene 29:303-13. Methods for site specific mutagenesis can be 
found in Sambrook et aL, 1989 Molecular Cloning: A Laboratory Manual, CSH Press, 
pp. 15.3-15.108; Weiner et aL, 1993 Gene 126:35-41; Sayers et aL, 1992 Biotechniques 
13:592-6; Jones and Winistorfer, 1992 Biotechniques 12:528-30; Barton etaL, 1990 
Nucleic Acids Res 18:7349-55; Marotti and Tomich, 1989 Gene Anal Tech 6:67-70; 
and Zhu 1989 Anal Biochem 177:120-4. 

"Knock outs" and "Knock ins" 

Although not necessary to the operability of the invention, the transgenic animals 
described herein may comprise alterations to endogenous genes in addition to the 
genetic alterations described above. For example, the host animals may be either 
"knockouts" and/or "knockins" for a target gene(s) as is consistent with the goals of the 
invention (e.g, the host animal's endogenous C5aR may be "knocked out" and/or a 
human C5aR "knocked in"). Knockouts have a partial or complete loss of function in 
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one or both alleles of an endogenous gene of interest (e.g C5aR). Knockins have an 
introduced transgene with altered genetic sequence and/or function from the 
endogenous gene. The two may be combined, for example, such that the naturally 
occurring gene is disabled, and an altered form introduced. For example, it is 
5 preferable to knockout the host animal's endogenous C5aR gene, while introducing an a 
human C5aR gene. 

In a knockout, preferably the target gene expression is undetectable or insignificant. 
For example, a knock-out of a C5aR gene means that function of the C5aR gene has 

10 been substantially decreased so that expression is not detectable or only present at 
insignificant levels. This may be achieved by a variety of mechanisms, including 
introduction of a disruption of the coding sequence, e.g. insertion of one or more stop 
codons, insertion of a DNA fragment, etc., deletion of coding sequence, substitution of 
stop codons for coding sequence, etc. In some cases the exogenous transgene 

15 sequences are ultimately deleted from the genome, leaving a net change to the native 
sequence. Different approaches may be used to achieve the "knock-out". A 
chromosomal deletion of all or part of the native gene may be induced, including 
deletions of the non-coding regions, particularly the promoter region, 3 f regulatory 
sequences, enhancers, or deletions of gene that activate expression of C5aR. A 

20 functional knock-out may also be achieved by the introduction of an anti-sense 

construct that blocks expression of the native genes (for example, see Li and Cohen 
(1996) Cell 85:319-329). "Knock-outs" also include conditional knock-outs, for 
example where alteration of the target gene occurs upon exposure of the animal to a 
substance that promotes target gene alteration, introduction of an enzyme that promotes 

25 recombination at the target gene site (e.g. Cre in the Cre-lox system), or other method 
for directing the target gene alteration postnatally. 

A "knockin" of a target gene means an alteration in a host cell genome that results in 
altered expression or function of a native target gene. Increased (including ectopic) or 
30 decreased expression may be achieved by introduction of an additional copy of the 

target gene, or by operatively inserting a regulatory sequence that provides for enhanced 
expression of an endogenous copy of the target gene. These changes may be 
constitutive or conditional, i.e. dependent on the presence of an activator or represser. 
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Identification and/or Evaluation of Ligands, Agonists, Inverse Agonists and/or 
Antagonists of C5aR 

Through use of the subject transgenic animals or cells derived therefrom, one can 
5 identify ligands or substrates that modulate phenomena associated with C5aR 

signalling. Depending on the particular assay, whole transgenic animals of the present 
invention may be used, or tissue, organs or cells derived therefrom. Cells may be 
freshly isolated from the transgenic animal, or may be immortalized in culture. Cells of 
particular interest are derived from tissue such as smooth muscle, endothelium, 
10 contractile muscle or heart. 

The term "compound 11 as used herein describes any molecule, e.g. protein, small 
molecule, polynucleotide, or pharmaceutical, with the capability of preventing or 
suppressing the molecular and clinical phenomena associated with C5aR signalling. 

15 

Candidate compounds encompass numerous chemical classes, though in a preferred 
embodiment they are organic molecules, preferably small organic compounds having a 
molecular weight of more than 50 and less than about 2,500 daltons. Candidate 
compounds preferably comprise functional groups necessary for structural interaction 

20 with proteins, particularly hydrogen bonding, and typically include at least an amine, 

carbonyl, hydroxyl or carboxyl group, preferably at least two of the functional chemical 
groups. The candidate agents often comprise cyclical carbon or heterocyclic structures 
and/or aromatic or polyaromatic structures substituted with one or more of the above 
functional groups. Candidate compounds are also found among biomolecules 

25 including, but not limited to saccharides, fatty acids, steroids, purines, pyrimidines, 
derivatives, structural analogs or combinations thereof. 

Candidate compounds may be obtained from a wide variety of sources including 
libraries of synthetic or natural compounds. For example, numerous means are 

30 available for random and directed synthesis of a wide variety of organic compounds and 
biomolecules, including expression of randomized oligonucleotides and oligopeptides. 
Alternatively, libraries of natural compounds in the form of bacterial, fungal, plant and 
animal extracts are available or readily produced. Additionally, natural or synthetically 
produced libraries and compounds are readily modified through conventional chemical, 

35 physical and biochemical means, and may be used to produce combinatorial libraries. 
Known pharmacological agents may be subjected to directed or random chemical 
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modifications, such as acylation, alkylation, esterification, amidification, etc. to produce 
structural analogs. 

Screening may also be directed to known pharmacologically active compounds and 
5 chemical analogs thereof. 

The candidate agent can be administered to the transgenic mammal of the invention (or 
cells derived from the transgenic mammal) in any manner desired and/or appropriate 
for delivery of the agent in order to effect a desired result. For example, the candidate 

10 agent can be administered by injection (e.g., by injection intravenously, 

intramuscularly, subcutaneously, or directly into the tissue in which the desired affect is 
to be achieved), orally, or by any other desirable means. Preferably, the in vivo screen 
will involve a number of animals receiving varying amounts and concentrations of the 
candidate compound (from no compound to an amount of compound that approaches 

15 an upper limit of the amount that can be delivered successfully to the animal), and may 
include delivery of the agent in different formulation. The compounds can be 
administered singly or can be combined in combinations of two or more, especially 
where administration of a combination of agents may result in a synergistic effect. The 
effect of agent administration upon the transgenic rodent can be monitored by 

20 conventional methodology. 

The range of candidate compounds contemplated herein include C5aR inhibitory 
compounds or antagonists of a biological function of C5aR. In one embodiment, the 
compound is selected from the group consisting of: a peptide, including a peptide 

25 derived from C5aR or C5a or other non-C5aR peptides and capable of inhibiting, 
reducing or repressing a C5aR function, a C5aR dominant-negative mutant; a non 
peptide inhibitor of C5aR; an antibody or antibody fragment which binds to C5aR and 
inhibits a C5aR function; a small organic molecule, and nucleic acid, including nucleic 
acid encoding said peptide derived from C5aR or C5a or other non-C5aR peptide 

30 inhibitor, an antisense nucleic acid directed against C5aR-encoding mRNA, or an anti- 
C5aR ribozyme, or a small interfering RNA (RNAi) that targets C5aR gene expression. 
A number of these types of compound are discussed below. 
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Small molecules 

Candidate compounds encompass numerous chemical classes, though preferably they 
are organic molecules, preferably small organic compounds having a molecular weight 
5 of more than 100 and less than about 2,500 daltons. Candidate compounds comprise 
functional groups necessary for structural interaction with proteins, particularly 
hydrogen bonding, and typically include at least an amine, carbonyl, hydroxyl or 
carboxyl group, preferably at least two of the functional chemicals groups. The 
candidate compounds often comprise cyclical carbon or heterocyclic structures and/or 

10 aromatic or polyaromatic structures substituted with one or more of the above 

functional groups. Candidate compounds are also found among biomolecules including 
peptides, saccharides, fatty acids, steroids, purines, pyrimidines and derivatives, 
structural analogs or combinations thereof. In fact, virtually any small organic 
molecule that is potentially capable of binding to a biological target molecule of interest 

15 may find use in the present invention provided that it is sufficiently soluble and stable 
in aqueous solutions to be tested for its ability to bind to the biological target molecule. 

Candidate compounds are obtained from a wide variety of sources including libraries of 
synthetic or natural compounds. For example, numerous means are available for 

20 random and directed synthesis of a wide variety of organic compounds and 

biomolecules, including expression of randomized oligonucleotides. Alternatively, 
libraries of natural compounds in the form of bacterial, fungal, plant and animal 
extracts are available or readily produced. Additionally, natural or synthetically 
produced libraries and compounds are readily modified through conventional chemical, 

25 physical and biochemical means. Known pharmacological compounds may be 

subjected to directed or random chemical modifications, such as acylation, alkylation, 
esterification, amidification to produce structural analogs. 

Protein or Peptide inhibitors 

30 

In another embodiment, the candidate compounds are proteins. By "protein" in this 
context it is meant at least two covalently attached amino acids, which includes 
proteins, polypeptides, oligopeptides and peptides. The protein may be made up of 
naturally occurring amino acids and peptide bonds, or synthetic peptidomimetic 
35 structures. Thus "amino acid", or "peptide residue", as used herein means both naturally 
occurring and synthetic amino acids. For example, homophenylalanine, citrulline and 
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noreleucine are considered amino acids for the purposes of the invention. "Amino acid" 
also includes imino acid residues such as proline and hydroxyproline. The side chains 
may be in either the (R) or the (S) configuration. In the preferred embodiment, the 
amino acids are in the (S) or (L)-configuration. If non-naturally occurring side chains 
5 are used, non-amino acid substituents may be used, for example to prevent or retard in 
vivo degradations. 

In a further preferred embodiment, the candidate compounds are naturally occurring 
proteins or fragments of naturally occurring proteins. Thus, for example, cellular 
10 extracts containing proteins, or random or directed digests of proteinaceous cellular 

extracts, may be used. In this way libraries of prokaryotic and eukaryotic proteins may 
be made. Particularly preferred in this embodiment are libraries of bacterial, fungal, 
viral, and mammalian proteins, with the latter being preferred, and human proteins 
being especially preferred. 

15 

In a further preferred embodiment, the candidate compounds are peptides of about 5 to 
about 30 amino acids in length, with peptides of about 5 to about 20 amino acids being 
preferred, and of about 7 to about 15 amino acids being particularly preferred. The 
peptides may be digests of naturally occurring proteins, random peptides, or "biased" 

20 random peptides. By "randomized" or grammatical equivalents herein is meant that 

each peptide consists of essentially random amino acids. Since generally these random 
peptides are chemically synthesized, they may incorporate any amino acid at any 
position. The synthetic process can be designed to generate randomized proteins to 
allow the formation of all or most of the possible combinations over the length of the 

25 sequence, thus forming a library of randomized candidate bioactive proteinaceous 
compounds. 

Preparation and screening of combinatorial chemical libraries are well known to those 
of skill in the art. Such combinatorial chemical libraries include, but are not limited to, 

30 peptide libraries (see, e.g., U.S. Pat. No. 5,010,175, Furka (1991) Int. J. Pept. Prot Res., 
37: 487-493, Houghton et ah (1991) Nature, 354: 84-88). Peptide synthesis is by no 
means the only approach envisioned and intended for use with the present invention. 
Other chemistries for generating chemical diversity libraries can also be used. Such 
chemistries include, but are not limited to: peptoids (PCT Publication No WO 

35 91/19735, Dec. 26, 1991), encoded peptides (PCT Publication WO 93/20242, Oct. 14, 
1993), random bio-oligomers (PCT Publication WO 92/00091, Jan. 9, 1992), 
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benzodiazepines (U.S. Pat. No. 5,288,514), diversomers such as hydantoins, 
benzodiazepines and dipeptides (Hobbs et ah, (1993) Proc. Nat. Acad. Sci. USA 90: 
69096913), vinylogous polypeptides (Hagihara et at (1992) J. Amer. Chem. Soc. 114: 
6568), nonpeptidal peptidomimetics with a Beta D Glucose scaffolding (Hirschmann et 
5 ah, (1992) J. Amer. Chem. Soc. 114: 92179218), analogous organic syntheses of small 
compound libraries (Chen etal. (1994) J. Amer. Chem. Soc. 116: 2661), 
oligocarbamates (Cho, et ah, (1993) Science 261 : 1303), and/or peptidyl phosphonates 
(Campbell et ah, (1994) J. Org. Chem. 59: 658). See, generally, Gordon et ah, (1994) J. 
Med. Chem. 37:1385, nucleic acid libraries, peptide nucleic acid libraries (see, e.g., 

10 U.S. Pat. No. 5,539,083) antibody libraries (see, e.g., Vaughn et ah (1996) Nature 
Biotechnology, 14(3): 309-314), and PCT/US96/1 0287), carbohydrate libraries (see, 
e.g., Liang et ah (1996) Science, 274: 1520-1522, and U.S. Pat. No. 5,593,853), and 
small organic molecule libraries (see, e.g., benzodiazepines, Baum (1993) C&EN, Jan 
18, page 33, isoprenoids U.S. Pat. No. 5,569,588, thiazolidinones and metathiazanones 

15 U.S. Pat. No. 5,549,974, pyrrolidines U.S. Pat. Nos. 5,525,735 and 5,519,134, 
morpholino compounds U.S. Pat. No. 5,506,337, benzodiazepines U.S. Pat. No. 
5,288,514, and the like). 

Devices for the preparation of combinatorial libraries are commercially available (see, 
20 e.g., 357 MPS, 390 MPS, Advanced Chem Tech, Louisville Ky., Symphony, Rainin, 
Wobum, Mass., 433A Applied Biosystems, Foster City, Calif, 9050 Plus, Millipore, 
Bedford, Mass.). 

In one embodiment, peptidyl C5aR inhibitors are chemically or recombinantly 
25 synthesized as oligopeptides (usually 10-25 amino acids in length) derived from the 
C5aR or C5a sequence. Alternatively, C5aR or C5a fragments are produced by 
digestion of native or recombinantly produced C5aR or C5a by, for example, using a 
protease, e.g., trypsin, thermolysin, chymotrypsin, or pepsin. Computer analysis (using 
commercially available software, e.g. Mac Vector, Omega, PCGene, Molecular 
30 Simulation, Inc.) is used to identify proteolytic cleavage sites. The proteolytic or 
synthetic fragments can comprise as many amino acid residues as are necessary to 
partially or completely inhibit C5aR function. Preferred fragments will comprise at 
least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100 or more 
amino acids in length. 



35 
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Protein or peptide inhibitors may also be dominant-negative mutants of C5aR. The 
term "dominant-negative mutant" refers to a C5aR polypeptide that has been mutated 
from its natural state and that interacts with a protein that C5aR normally interacts with 
thereby preventing endogenous native C5aR from forming the interaction. 

5 

Anti-C5aR Antibodies 

The term "antibody" as used in this invention includes intact molecules as well as 
fragments thereof, such as Fab, F(ab') 2 , and Fv which are capable of binding an epitopic 
10 determinant of C5aR. These antibody fragments retain some ability to selectively bind 
with its antigen and are defined as follows: 

(1) Fab, the fragment which contains a monovalent antigen-binding fragment of an 
antibody molecule can be produced by digestion of whole antibody with the enzyme 

15 papain to yield an intact light chain and a portion of one heavy chain; 

(2) Fab', the fragment of an antibody molecule can be obtained by treating whole 
antibody with pepsin, followed by reduction, to yield an intact light chain and a portion 
of the heavy chain; two Fab' fragments are obtained per antibody molecule; 

20 

(3) F(ab ! )2, the fragment of the antibody that can be obtained by treating whole 
antibody with the enzyme pepsin without subsequent reduction; F(ab')2 is a dimer of 
two Fab' fragments held together by two disulfide bonds; 

25 (4) Fv, defined as a genetically engineered fragment containing the variable region 
of the light chain and the variable region of the heavy chain expressed as two chains; 
and 

(5) Single chain antibody ("SCA"), defined as a genetically engineered molecule 
30 containing the variable region of the light chain, the variable region of the heavy chain, 
linked by a suitable polypeptide linker as a genetically fused single chain molecule. 

Methods of making these fragments are known in the art. (See for example, Harlow and 
Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, New York 
35 (1 988), incorporated herein by reference). 
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Antibodies of the present invention can be prepared using intact C5aR or fragments 
thereof as the immunizing antigen. A peptide used to immunize an animal can be 
derived from translated cDNA or chemical synthesis and is purified and conjugated to a 
carrier protein, if desired. Such commonly used carriers which are chemically coupled 
to the peptide include keyhole limpet hemocyanin (KLH), thyroglobulin, bovine serum 
albumin (BSA), and tetanus toxoid. The coupled peptide may then be used to 
immunize the animal (e.g., a mouse or a rabbit). 

If desired, polyclonal antibodies can be further purified, for example, by binding to and 
elution from a matrix to which the peptide to which the antibodies were raised is bound. 
Those of skill in the art will know of various techniques common in the immunology 
arts for purification and/or concentration of polyclonal antibodies, as well as 
monoclonal antibodies (See for example, Coligan, et al., Unit 9, Current Protocols in 
Immunology, Wiley Interscience, 1991, incorporated by reference). 

Monoclonal antibodies may be prepared using any technique which provides for the 
production of antibody molecules by continuous cell lines in culture, such as, for 
example, the hybridoma technique, the human B-cell hybridoma technique, and the 
EBV-hybridoma technique (Kohler et al. Nature 256, 495-497, 1975; Kozbor et al., J. 
Immunol. Methods 81, 31-42, 1985; Cote et al., Proc. Natl. Acad. Sci. USA 80, 2026- 
2030, 1983; Cole et al., Mol. Cell Biol. 62, 109-120, 1984). 

Methods known in the art allow antibodies exhibiting binding for C5aR to be identified 
and isolated from antibody expression libraries. For example, a method for the 
identification and isolation of an antibody binding domain which exhibits binding to 
C5aR is a bacteriophage vector system. This vector system has been used to express a 
combinatorial library of Fab fragments from the mouse antibody repertoire in 
Escherichia coli (Huse, et al., Science, 246:1275-1281, 1989) and from the human 
antibody repertoire (Mullinax, et al., Proc. Nat. Acad. Sci., 87:8095-8099, 1990). This 
methodology can also be applied to hybridoma cell lines expressing monoclonal 
antibodies with binding for a preselected ligand. Hybridomas which secrete a desired 
monoclonal antibody can be produced in various ways using techniques well 
understood by those having ordinary skill in the art and will not be repeated here. 
Details of these techniques are described in such references as Monoclonal Antibodies- 
Hybridomas: A New Dimension in Biological Analysis, Edited by Roger H. Kennett, et 
al., Plenum Press, 1980; and U.S. 4,172,124, incorporated by reference. 
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In addition, methods of producing chimeric or "humanized" antibodies are known in the 
art and include combining murine variable regions with human constant regions 
(Cabily, et al. Proc. Natl. Acad. Sci. USA, 81:3273, 1984), or by grafting the murine- 
5 antibody complementarity determining regions (CDRs) onto the human framework 
(Riechmann, et al., Nature 332:323, 1988). 

Antisense compounds 

10 The term "antisense compounds" encompasses DNA or RNA molecules that are 

complementary to at least a portion of a target mRNA molecule (Izant and Weintraub, 
1984; Izant and Weintraub, 1985) and capable of interfering with a post-transcriptional 
event such as mRNA translation. Antisense oligomers complementary to at least about 
15 contiguous nucleotides of the target-encoding mRNA are preferred, since they are 

15 easily synthesized and are less likely to cause problems than larger molecules when 

introduced into the target mRNA producing cell. The use of antisense methods is well 
known in the art (Marcus-Sakura, 1988). 

Catalytic RNA molecules 

20 

The term catalytic RNA refers to an RNA or RNA-containing molecule (also known as 
a "ribozyme") which specifically recognizes a distinct substrate and catalyzes the 
chemical modification of this substrate. The nucleic acid bases in the catalytic nucleic 
acid can be bases A, C, G ? T and U, as well as derivatives thereof. Derivatives of these 
25 bases are well known in the art. 

Typically, the catalytic nucleic acid contains an antisense sequence for specific 
recognition of a target nucleic acid, and a nucleic acid cleaving enzymatic activity (also 
referred to herein as the "catalytic domain"). 

30 

The types of ribozymes that are particularly useful in this invention are the hammerhead 
ribozyme (Haseloff and Gerlach 1988, Perriman et al, 1992) and the hairpin ribozyme 
(Shippyet al, 1999). 

35 The ribozymes used in this invention can be chemically synthesized using methods well 
known in the art. The ribozymes can also be prepared from a DNA molecule (that upon 
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transcription, yields an RNA molecule) operably linked to an RNA polymerase 
promoter, e.g., the promoter for T7 RNA polymerase or SP6 RNA polymerase. When 
the vector also contains an RNA polymerase promoter operably linked to the DNA 
molecule, the ribozyme can be produced in vitro upon incubation with RNA 
5 polymerase and nucleotides. In a separate embodiment, the DNA can be inserted into 
an expression cassette or transcription cassette. 

dsRNA 

10 dsRNA is particularly useful for specifically inhibiting the production of a particular 
protein. Although not wishing to be limited by theory, Dougherty and Parks (1995) 
have provided a model for the mechanism by which dsRNA can be used to reduce 
protein production. This model was modified and expanded by Waterhouse et al 
(1998). This technology relies on the presence of dsRNA molecules that contain a 

15 sequence that is essentially identical to the mRNA of the gene of interest. 

Conveniently, the dsRNA can be produced in a single open reading frame in a 
recombinant vector or host cell, where the sense and anti-sense sequences are flanked 
by an unrelated sequence which enables the sense and anti-sense sequences to hybridize 
to form the dsRNA molecule with the unrelated sequence forming a loop structure. The 

20 design and production of suitable dsRNA molecules targeted against genes of interest is 
well within the capacity of a person skilled in the art, particularly considering 
Dougherty and Parks (1995), Waterhouse et al (1998), WO 99/32619, WO 99/53050, 
WO 99/49029, and WO 01/34815. 

25 As used herein, the terms "small interfering RNA", and "RNAi" refer to homologous 
double stranded RNA (dsRNA) that specifically targets a gene product, thereby 
resulting in a null or hypomorphic phenotype. Specifically, the dsRNA comprises two 
nucleotide sequences derived from the target RNA and having self-complementarity 
such that they can anneal, and interfere with expression of a target gene, presumably at 

30 the post-transcriptional level. RNAi molecules are described by Fire et al (1998) and 
reviewed by Sharp (1999). 

Phenotvpes associated with C5aR signalling 

35 In the methods of the present invention, a putative compound is administered to the 
transgenic animal and a response of the transgenic animal to the putative compound is 
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measured. Preferably, the response of the transgenic mammal is compared to the 
response of a "normal" or wild-type mouse or, alternatively, compared to a transgenic 
animal control (without administration of the compound). 

5 Accordingly, in one aspect the present invention provides a method of identifying a 
compound that modulates C5aR activity, the method comprising (i) administering a 
candidate compound to a transgenic mammal of the present invention under conditions 
in which at least one phenotype associated with C5aR signalling is expressed; and (ii) 
monitoring development of the phenotype following administration of the compound. 

10 

The phenotype monitored may be any indicator of C5aR signalling, including the 
following: 

(a) inflammatory or allergic diseases and conditions, including respiratory allergic 
15 diseases such as asthma, allergic rhinitis, hypersensitivity lung diseases, 

hypersensitivity pneumonitis, interstitial lung diseases (ILD) (e.g., idiopathic 
pulmonary fibrosis, or ILD associated with rheumatoid arthritis, systemic lupus 
erythematosus, ankylosing spondylitis, systemic sclerosis, Sjogren's syndrome, 
polymyositis or dermatomyositis); anaphylaxis or hypersensitivity responses, drug 
20 allergies (e.g., to penicillin, cephalosporins), insect sting allergies; inflammatory bowel 
diseases, such as Crohn's disease and ulcerative colitis; spondyloarthropathies; 
scleroderma; psoriasis and inflammatory dermatoses such as dermatitis, eczema, atopic 
dermatitis, allergic contact dermatitis, urticaria; vasculitis (e.g., necrotizing, cutaneous, 
and hypersensitivity vasculitis); 

25 

(b) autoimmune diseases, such as arthritis (e.g., rheumatoid arthritis, psoriatic 
arthritis), multiple sclerosis, systemic lupus erythematosus, myasthenia gravis, juvenile 
onset diabetes, nephritides such as glomerulonephritis, autoimmune thyroiditis, 
Behcet's disease; 

30 

(c) graft rejection (e.g., in transplantation), including allograft rejection or graft-versus- 
host disease; 

(d) atherosclerosis; 

35 

(e) cancers with leukocyte infiltration of the skin or organs; 
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(f) diseases or conditions (including C5aR-mediated diseases or conditions), in which 
undesirable inflammatory responses are to be inhibited can be treated, including, but 
not limited to, reperfusion injury, stroke, adult respiratory distress syndrome, certain 
5 hematologic malignancies, cytokine-induced toxicity (e.g., septic shock, endotoxic 
shock), polymyositis, dermatomyositis, pemphigoid, Alzheimers Disease and 
granulomatous diseases including sarcoidosis. 

Other phenotypes include immunosuppression, such as that in individuals with 
10 immunodeficiency syndromes such as AIDS, individuals undergoing radiation therapy, 
chemotherapy, therapy for autoimmune disease or other drug therapy (e.g., 
corticosteroid therapy), which causes immunosuppression; and immunosuppression due 
congenital deficiency in receptor function or other causes. 

15 A number of in vivo models of inflammation are available and can be used to induce 
suitable C5aR associated phenotypes in transgenic mammals of the present invention. 
For example, rheumatoid arthritis can be evaluated using an animal (e.g. mouse) model 
of collagen-induced arthritis (Trentham et al (1977) J Exp Med 146: 857-868), K/BxN 
serum-induced arthritis (Kouskoff et al (1996) Cell 87:811-822), antigen-induced 

20 arthritis, or adjuvant-induced arthritis (Pearson CM (1956) Proc Soc. Expe Biblo Med 
91:95-101). 

Further examples of suitable animal models include: cecal ligation puncture (CLP) 
model of sepsis (Huber-Lang, M. S., et al (2002) Faseb J 16(12): 1567-74); rat model 

25 of RA (Woodruff, T. M., et al. (2002) Arthritis Rheum 46(9): 2476-85); porcine model 
of sepsis (Mohr, M., et al (1998) Eur J Clin Invest 28(3): 227-34); immune complex- 
induced lung disease; pancreatitis associated lung injury (Bhatia, M., et al. (2001) Am J 
Physiol Gastrointest Liver Physiol 280(5): G974-8); acute lung injury; renal ischaemia- 
reperfusion injury; collagen-induced arthritis; and experimental airway disease (asthma 

30 like model). 

In another example, leukocyte infiltration upon intradermal injection of a candidate 
compound can be monitored (see e.g., Van Damme, J. et ah, J. Exp. Med., 176: 59-65 
(1992); Zachariae, C. O. C. et al, J. Exp. Med. 171: 2177-2182 (1990); Jose, P. J. et al., 
35 J. Exp. Med. 179: 881-887 (1994)). In one embodiment, skin biopsies are assessed 

histologically for infiltration of leukocytes (e.g., eosinophils, granulocytes). A decrease 



WO 2005/060739 



PCT/AU2004/001844 



40 

of the extent of infiltration in the presence of the candidate compound as compared 
with the extent of infiltration in the absence of the candidate compound is indicative of 
inhibition of C5aR signalling. 

5 Examples of preferred phenotypes are discussed briefly below. 

Autoimmune Diseases (including Rheumatoid Arthritis) 

Autoimmune diseases afflict 5-8% of the population. Immune complexes (IC) play an 
10 integral role in the pathogenesis of several of autoimmune diseases including 

rheumatoid (RA) arthritis, systemic lupus erythematosus (SLE), glomerulonephritis and 
immune vasculitis. While ICs initiate the autoimmune reaction other important factors 
contributing to disease severity include the complement system, Fcg receptors and 
neutrophils. It is now recognised that the main contribution of complement to IC 
15 inflammation is through C5aR signalling. ICs activate both the classic and alternative 
complement pathways. C5a, released by cleavage of C5 during complement activation 
is a powerful chemoattractant of neutrophils, monocytes and macrophages. C5a 
binding to C5aR initiates a series of events, including FcgR activation on macrophages 
(up-regulating activating FcgRIII and FcgRI and down-regulating inhibitory FcgRDB) 
20 causing more chemotactic mediators (e.g. CXC chemokines) to be released and further 
orchestration of the inflammatory response. 

The importance of C5a/C5aR has been demonstrated in various model systems of 
immune complex inflammation. For example, C5a has been shown to initiate the 

25 inflammatory cascade in a mouse peritonitis model of the reverse passive Arthus 
reaction (Godau J, et al, J Immunol 173, 3437 (2004)). C5a has also been shown to 
regulate FcgRs in IC-induced lung disease (Shushakova NJ, et al, J Clin Invest, 110, 
1823-1830 (2002)). Further, C5aR knock-out mice do not develop inflammation in the 
Benoist-Mathis KRNxNOD serum transfer model of Rheumatoid Arthritis (Ji H, et al, 

30 Immunity 16, 157 (2002)) or in an anti-collagen antibody induced arthritis model 
(Grant EP, et al, J Exp Med 196, 1461 (2002)) 

Sepsis 



35 



Sepsis is a severe illness caused by overwheming infection of the bloodstream by toxin- 
producing bacteria. It is has been recognized that the innate immune system can be 
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perturbed during sepsis, as evidenced by extensive activation of the inflammatory, 
complement, and clotting systems, together with the appearance in plasma of cytokines 
and chemokines. This "cytokine storm" as it has been termed unleashes numerous 
inflammatory mediators that contribute to multiple-organ dysfunction or failure and 
5 death. 

Recent reviews of sepsis reflect on past attempts at finding treatments for this disease 
and suggest future directions (Crowther and Marshall (2001) Jama 286(15): 1894-6; 
Cohen, J. (2002) Nature 420(6917):885-91; Cross and Opal (2003) Ann Intern Med 
10 138(6): 502-5). 

Hotchkiss and Karl (N Engl J Med 348(2): 138-50, 2003) speculate that the efficacy 
shown by the anti-coagulant recombinant activated protein C in reducing mortality in 
sepsis may be due in part to its anti-inflammatory effects. Some of the effects (direct 
15 and indirect) of activated protein C are blocking production of cytokines, blocking cell 
adhesion, inhibiting neutrophil recruitment, mast cell degranulation and platelet 
activation. C5a mediates leukocyte chemotaxis, release of histamine from mast cells, 
enhancement of neutrophil-endothelial cell adhesion and induction of cytokine 
production through binding to the C5a receptor. 

20 

During sepsis in humans, unregulated activation of the complement system results in 
excessive generation of anaphylatoxins, especially C3a and C5a and ensuing 
dysfunction of neutrophils. In later stages of sepsis, neutrophils have suppressed 
chemotactic responsiveness, depressed enzyme release, alterations of intracellular pH 

25 and a defective respiratory burst (diminished production of reactive oxygen species, 
especially H 2 0 2 ), leading to impaired bactericidal activity. These defects have been 
shown to be C5a dependent. During experimental sepsis blood neutrophils have a 
greatly diminished ability to bind C5a, have impaired chemotactic responses to C5a and 
a loss of H 2 0 2 production. These defects can be prevented in CLP induced sepsis by 

30 treating animals with anti-C5a antibodies. This treatment reduced bacteremia and 

greatly improved survival. This indicates that sepsis induces excessive generation of 
C5a, which, in turn, leads to serious functional defects in neutrophils. 

Antibodies to C5aR can also protect against death from sepsis in animal models. It has 
35 been shown that C5aR immunoreactivity and mRNA expression both are increased in 
epithelial cells of lung, kidney, liver, heart and thymus early in experimental sepsis. 
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Mice injected at the start of CLP with antibodies to C5aR showed dramatically 
improved survival when compared with animals receiving nonspecific IgG. In anti- 
C5aR-treated mice, serum levels of IL-6 and TNF-a and bacterial counts in various 
organs were significantly reduced during CLP when compared with control CLP 
5 animals. These studies demonstrated that blockade of C5aR is highly protective from 
the lethal outcome of sepsis. 

It has been suggested that it is the location of C5a that may be critical in terms of its 
potential to protect or harm. Local generation of C5a in tissues is essential for early 

10 control of infection. A C5a gradient is established causing leukocyte chemotaxis. At 
higher C5a concentrations chemotaxis is arrested and the cells produce their toxic 
oxygen burst. In sepsis, diffuse complement activation in the blood leads to an excess 
of diffuse intravascular C5a which cripples neutrophils allowing unrestrained 
proliferation of bacteria. Simultaneously sequestration of the neutrophils in the 

15 microcirculation injures the lung, kidney and liver. In this model the C5aR on 

leukocytes rather than the receptor on the epithelial cells of the liver, lung etc. may be 
critical. Intervention, by way of C5aR antagonists may prove therapeutically valuable. 

Ischaemia - Reperfusion Injury (IR) 

20 

The complement system is an important mediator of inflammatory tissue damage in 
various diseases including ischaemia-reperfusion (IR) injury. 

The relative roles of C5a and the membrane attack complex C5b-9 in mediating IR 
25 injury seem to vary. In some models C5a is the important mediator. Antagonists of 

C5aR protect mice and rats against IR injury in small intestine and kidney (Heller et al. 

(1999) J Immunol 163(2): 985-94; Arumugam et al. (2003) Kidney Int 63(1): 134-42; 

Arumugam et al. (2002) J Surg Res 103(2):260-7). In a porcine myocardial IR injury 

model a C5aR antagonist reduced infarct size markedly (Riley et al. (2000) J Thorac 
30 Cardiovasc Surg 120(2): 350-8). 

Studies with antibodies to C5 also demonstrate similar reductions in IR injury (Fitch et 
al. (1999) Circulation 100(25):2499-506; de Vries et al (2003) Transplantation 75(3): 
375-82). 



35 
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Clinical and experimental studies have shown that IR of organs such as the kidney, 
liver, lungs and heart induces a rapid release of various cytokines. While many of these 
molecules decrease in level after reperfusion, IL-8 significantly increases. IL-8 is a 
potent neutrophil chemoattractant. Levels of IL-8 negatively correlate with lung 
5 function and high levels are associated with increased risk of death in lung 

transplantation. Intravenous administration of anti-IL-8 antibodies at the beginning of 
reperfusion markedly reduces lung injury and neutrophil infiltration (de Perrot et al 
(2003) Am J Respir Crit Care Med 167(4):490-511). 

10 Evidence shows that IR injury occurs in a biphasic pattern. Macrophages activated 
during ischaemia mediate the early phase of injury whereas neutrophils and 
lymphocytes are primarily involved in the second, delayed phase. The recruitment of 
neutrophils and lymphocytes results from the release of cytokines before and after 
reperfusion. 

15 

Since C5a is a potent chemoattractant for various myeloid cells including macrophages 
and neutrophils and also induces cytokine production it is envisaged that blocking 
C5aR with specific antibodies could be beneficial in preventing IL-8 release and 
neutrophil migration and thus reduce IR injury. 

20 

Acute Respiratory Distress Syndrome (ARDS) & Acute Lung Injury (ALT) 

ARDS and ALI are syndromes that result from pulmonary edema and inflammation. 
The development of ARDS/ALI is associated with several clinical disorders including 

25 pulmonary injury from pneumonia infection, aspiration of gastric contents, trauma, 
sepsis, acute pancreatitis, drug overdose and cardiopulmonary bypass. Sepsis is the 
leading cause of ARDS/ALI As with IR, the inflammatory response in ALI is 
associated with recruitment of large numbers of neutrophils and monocytes into the 
distal airspaces of the lung. Proinflammatory molecules such as cytokines, oxygen 

30 radicals and proteases play a role and excessive inflammation may worsen ARDS/ALI 
(Ware and Matthay (2000) N Engl J Med 342(18): 1334-49; Brower et al. (2001) Chest 
120(4): 1347-67). 

It has been suggested that anti-inflammatory strategies to reduce the number of 
35 neutrophils migrating into extravascular spaces in the lung, to reduce neutrophil 
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adhesion to the lung endothelium, and to reduce release of chemotactic factors could be 
beneficial (Brower et al. (2001) Chest 120(4): 1347-67).. 

Studies of patients with ARDS reveals that high levels of IL-8 are present in the BAL 
fluid or pulmonary edema fluid in the early phases of the disease. Furthermore, 
antibodies that neutralise IL-8 reduced lung injury in a rabbit model (Brower et al. 
(2001) Chest 120(4): 1347-67). 

For ARDS and ALI blocking C5aR may also be a therapeutically viable approach. C5a 
is a potent chemotactic molecule and stimulator of cytokine release. Studies described 
above which used molecules that antagonise C5a or C5aR demonstrated reduction in 
injury in various models of inflammation. 

Production of compounds identified in the screening methods of the invention 

In one embodiment of the invention, the subject method further comprises producing or 
synthesizing the compound that is tested on the genetically modified animal. 

Peptidyl compounds are conveniently made by standard peptide synthesis, such as the 
Merrifield method of synthesis (Merrifield, J Am ChemSoc, 85, :2 149-2 154, 1963) and 
the myriad of available improvements on that technology (see e.g., Synthetic Peptides: 
A User's Guide, Grant, ed. (1992) W.H. Freeman & Co., New York, pp. 382; Jones 
(1994) The Chemical Synthesis of Peptides, Clarendon Press, Oxford, pp. 230.); 
Barany, G. and Merrifield, R.B. (1979) in The Peptides (Gross, E. and Meienhofer, J. 
eds.), vol. 2, pp. 1-284, Academic Press, New York; Wunsch, E., ed. (1974) Synthese 
von Peptiden in Houben-Weyls Metoden der Organischen Chemie (Miiler, E., ed.), vol. 
15, 4th edn., Parts 1 and 2, Thieme, Stuttgart; Bodanszky, M. (1984) Principles of 
Peptide Synthesis, Springer- Verlag, Heidelberg; Bodanszky, M. & Bodanszky, A. 

(1984) The Practice of Peptide Synthesis, Springer-Verlag, Heidelberg; Bodanszky, M. 

(1985) Int. J. Peptide Protein Res. 25, 449-474. 

Preferably, the peptide is synthesized on a solid phase support, such as, for example, a 
polystyrene gel bead comprising polystyrene cross-linked with divinylbenzene, 
preferably 1% (w.w) divinylbenzene, which is further swollen using lipophilic solvent, 
such as, for example dichloromethane or dimethylformamide (DMF). The polystyrene 
can be functionalized by addition of chloromethane or amino methyl groups. 
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Alternatively, cross-linked and functionalized polydimethyl-acrylamide gel can be used 
once swollen and solvated using DMF or dipolar aprotic solvent. Other solid phase 
supports known to those skilled in the art can also be used for peptide synthesis, such 
as, for example, polyethylene glycol-derived bead produced by grafting polyethylene 
5 glycol to the surface of inert polystyrene beads. Preferred commercially available solid 
phase supports include PAL-PEG-PS, PAC-PEG-PS, KA, KR, or TGR (Applied 
Biosystems, CA 94404, USA). 

For solid phase peptide synthesis, blocking groups that are stable to the repeated 
10 treatments necessary for removal of the amino blocking group of the growing peptide 
chain and for repeated amino acid couplings, are used for protecting the amino acid 
side-chains during synthesis and for masking undesired reactivity of the a-amino, 
carboxyl or side chain functional groups. Blocking groups (also called protecting 
groups or masking groups) thus protect the amino group of the amino acid having an 
15 activated carboxyl group that is involved in the coupling reaction, or protect the 

carboxyl group of the amino acid having an acylated amino group that is involved in the 
coupling reaction. 

During synthesis, coupling occurs following removal of a blocking group without the 
20 disruption of a peptide bond, or any protecting group attached to another part of the 
peptide. Additionally, the peptide-resin anchorage that protects the C-terminus of the 
peptide is protected throughout the synthetic process until cleavage from the resin is 
required. Accordingly, by the judicious selection of orthogonally protected a-amino 
acids, amino acids are added at desired locations to a growing peptide whilst it is still 
25 attached to the resin. 

Preferred amino blocking groups are easily removable but sufficiently stable to survive 
conditions for the coupling reaction and other manipulations, such as, for example, 
modifications to the side-chain groups. In one embodiment, amino blocking groups are 

30 selected from the group consisting of: (i) a benzyloxycarbonyl group (Z or 

carbocenzoxy) that is removed easily by catalytic hydrogenation at room temperature 
and ordinary pressure, or using sodium in liquid ammonia and hydrobromic acid in 
acetic acid; (ii) a urethane derivative; (iii) a t-Butoxycarbonyl group (Boc) that is 
introduced using t-butoxycarbonyl azide or di-tert-butyldicarbonate and removed using 

35 mild acid such as, for example, trifluoroacetic acid (50% TFA in dichloromethane), or 
HC1 in acetic acid/dioxane/ethylacetate; (iv) a 9-fluorenylmethyloxycarbonyl group 
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(Fmoc) that is cleaved under mildly basic, non-hydrolytic conditions, such as, for 
example, using a primary or secondary amine (eg. 20% piperidine in dimethyl 
formamide); (v) a 2-(4-biphenylyl) propyl(2)oxycarbonyl group (Bpoc); (vi) a 2-nitro- 
phenylsulfenyl group (Nps); and (vii) a dithia-succionyl group (Dts). Boc is widely 
5 used to protect the N-terminus in Fmoc chemistry, or Fmoc is widely used to protect the 
N-terminus in Boc chemistry. 

Side chain-protecting groups will vary for the functional side chains of the amino acids 
forming the peptide being synthesized. Side-chain protecting groups are generally 

10 based on the Bzl group or the tBu group. Amino acids having alcohols or carboxylic 

acids in the side-chain are protected as Bzl ethers, Bzl esters, cHex esters, tBu ethers, or 
tBu esters. Side-chain protection of Fmoc amino acids requires blocking groups that are 
ideally base stable and weak acid (TFA) labile. Many different protecting groups for 
peptide synthesis have been described {see The Peptides, Gross et al. eds., Vol. 3, 

15 Academic Press, New York, 1981). For example, the 4-methoxy-2,3,6- 

trimethylphenylsulfonyl (Nd- Mtr) group is useful for Arginine side-chain protection, 
however deprotection of Arg(Mtr) requires prolonged TFA treatment. A number of soft 
acid (TFA, thalium (HI) trifluoroacetate/TFA) labile groups, or TFA stable but thalium 
(IE) trifluoroacetate/TFA labile groups, or soft acid stable groups are used to protect 

20 Cystine. 

The two most widely used protection strategies are the Boc/Bzl- and the Fmoc/tBu- 
strategies. In Boc/Bzl, Boc is used for amino protection and the side-chains of the 
various amino acids are protected using Bzl- or cHex-based protecting groups. A Boc 
25 group is stable under catalytic hydrogenation conditions and is used orthogonally along 
with a Z group for protection of many side chain groups. In Fmoc/tBu, Fmoc is used 
for amino protection and the side-chains are protected with tBu-based protecting 
groups. 

30 Alternatively, the peptidyl compound is produced by the recombinant expression of 
nucleic acid encoding the amino acid sequence of said peptide. Random peptide- 
encoding libraries are particularly preferred for such purposes, because they provide a 
wide range of different compounds to test. Alternatively, naturally-occurring nucleic 
acids can be screened. According to this embodiment, nucleic acid encoding the 

35 peptidyl compound is produced by standard oligonucleotide synthesis or derived from a 
natural source and cloned into a suitable expression vector in operable connection with 
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a promoter or other regulatory sequence capable of regulating expression in a cell-free 
system or cellular system.. 

Oligonucleotides are preferably synthesized with linker or adaptor sequences at the 5 5 - 
5 and 3 '-ends to facilitate subsequent cloning into a suitable vector system using standard 
techniques. 

Placing a nucleic acid molecule under the regulatory control of, i.e., "in operable 
connection with", a promoter sequence means positioning said molecule such that 
10 expression is controlled by the promoter sequence, generally by positioning the 
promoter 5 5 (upstream) of the peptide-encoding sequence. 

The prerequisite for producing intact peptides in bacteria such as E. coli is the use of a 
strong promoter with an effective ribosome binding site. Typical promoters suitable for 

15 expression in bacterial cells such as E. coli include, but are not limited to, the lacz 

promoter, temperature-sensitive Xl or A, R promoters, T7 promoter or the IPTG-inducible 
tac promoter. A number of other vector systems for expressing the nucleic acid 
molecule of the invention in E, coli are well-known in the art and are described, for 
example, in Ausubel et al {In: Current Protocols in Molecular Biology. Wiley 

20 Interscience, ISBN 047150338, 1987) or Sambrook et al {In: Molecular cloning, A 
laboratory manual, second edition, Cold Spring Harbor Laboratory, Cold Spring 
Harbor, N.Y., 1989). Numerous plasmids with suitable promoter sequences for 
expression in bacteria and efficient ribosome binding sites have been described, such as 
for example, pKC30 (X L : Shimatake and Rosenberg, Nature 292, 128, 1981); pKK173- 

25 3 (tac: Amann and Brosius, Gene 40, 183, 1985), pET-3 (T7: Studier and Moffat, J. 
Mot Biol 189, 113, 1986); the pBAD/TOPO or pBAD/Thio-TOPO series of vectors 
containing an arabinose-inducible promoter (Invitrogen, Carlsbad, CA), the latter of 
which is designed to also produce fusion proteins with thioredoxin to enhance solubility 
of the expressed protein; the pFLEX series of expression vectors (Pfizer Inc., CT, 

30 USA); or the pQE series of expression vectors (Qiagen, CA), amongst others. 

Typical promoters suitable for expression in viruses of eukaryotic cells and eukaryotic 
cells include the S V40 late promoter, S V40 early promoter and cytomegalovirus 
(CMV) promoter, CMV IE (cytomegalovirus immediate early) promoter amongst 
35 others. Preferred vectors for expression in mammalian cells (eg. 293, COS, CHO, 10T 
cells, 293T cells) include, but are not limited to, the pcDNA vector suite supplied by 
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frivitrogen, in particular pcDNA 3.1 myc-His-tag comprising the CMV promoter and 
encoding a C-terminal 6xHis and MYC tag; and the retrovirus vector pSRatkneo 
(Muller et al, Mol Cell Biol, 11, 1785, 1991). The vector pcDNA 3.1 myc-His 
(Invitrogen) is particularly preferred for expressing peptides in a secreted form in 293T 
5 cells, wherein the expressed peptide or protein can be purified free of conspecific 
proteins, using standard affinity techniques that employ a Nickel column to bind the 
protein via the His tag. 

A wide range of additional host/vector systems suitable for expressing peptides are 
10 available publicly, and described, for example, in Sambrook et al (In: Molecular 

cloning, A laboratory manual, second edition, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, N.Y., 1989). 

Means for introducing the nucleic acid or a gene construct comprising same into a cell 
15 for expression are well-known to those skilled in the art. The technique used for a given 
organism depends on the known successful techniques. Means for introducing 
recombinant DNA into animal cells include microinjection, transfection mediated by 
DEAE-dextran, transfection mediated by liposomes such as by using lipofectamine 
(Gibco, MD, USA) and/or cellfectin (Gibco, MD, USA), PEG-mediated DNA uptake, 
20 electroporation and microparticle bombardment such as by using DNA-coated tungsten 
or gold particles (Agracetus Inc., WI, USA) amongst others. 

Techniques for synthesizing small organic compounds will vary considerably 
depending upon the compound, however such methods will be well known to those 

25 skilled in the art. In one embodiment, informatics is used to select suitable chemical 
building blocks from known compounds, for producing a combinatorial library. For 
example, QS AR(Quantitative Structure Activity Relationship) modelling approach uses 
linear regressions or regression trees of compound structures to determine suitability. 
The software of the Chemical Computing Group, Inc.(Montreal, Canada) uses high- 

30 throughput screening experimental data on active as well as inactive compounds, to 
create a probabilistic QS AR model, which is subsequently used to select lead 
compounds. The Binary QSAR method is based upon three characteristic properties of 
compounds that form a "descriptor" of the likelihood that a particular compound will or 
will not perform a required function: partial charge, molar refractivity (bonding 

35 interactions), and logP (lipophilicity of molecule). Each atom has a surface area in the 
molecule and it has these three properties associated with it. All atoms of a compound 
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having a partial charge in a certain range are determined and the surface areas (Van der 
Walls Surface Area descriptor) are summed. The binary QSAR models are then used to 
make activity models or ADMET models, which are used to build a combinatorial 
library. Accordingly, information from known appetite suppressants and non- 
5 suppressants, including lead compbunds identified in initial screens, can be used to 
expand the list of compounds being screened to thereby identify highly active 
compounds. 

In one embodiment, the subject method further comprises formulating the identified 
10 compound for administration to a non-human animal or a human. The formulations can 
be suitable for administration by injection by a subcutaneous, intravenous, intranasal, or 
intraperitoneal route. Alternatively, they can be suitable for oral administration in the 
form of feed additives, tablets, troches, etc. 

15 The compounds are conveniently formulated in a suitable excipient or diluent, such as, 
for example, an aqueous solvent, non-aqueous solvent, non-toxic excipient, such as a 
salt, preservative, buffer and the like. Examples of non-aqueous solvents are propylene 
glycol, polyethylene glycol, vegetable oil and injectable organic esters such as 
ethyloleate. Aqueous solvents include water, alcoholic/aqueous solutions, saline 

20 solutions, parenteral vehicles such as sodium chloride, Ringer's dextrose, etc. 

Preservatives include antimicrobial, anti-oxidants, chelating agents and inert gases. 
The pH and exact concentration of the various components the formulation suitable for 
administration to the animal are adjusted according to routine skills in the art. Solutions 
or suspensions used for parenteral, intradermal, or subcutaneous application can include 

25 the following components: a sterile diluent such as water for injection, saline solution, 
fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; 
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of 

30 tonicity such as sodium chloride or dextrose. The pH can be adjusted with acids or 
bases, such as hydrochloric acid or sodium hydroxide. The parenteral preparation can 
be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or 
plastic. Pharmaceutically compatible binding agents, and/or adjuvant materials can be 
included as part of the composition. The tablets, pills, capsules, troches and the like 

35 can contain any of the following ingredients, or compounds of a similar nature: a binder 
such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as 
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starch or lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a 
lubricant such as magnesium stearate or Sterotes; a glidant such as colloidal silicon 
dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such as 
peppermint, methyl salicylate, or orange flavoring. For administration by inhalation, 
5 the compounds are delivered in the form of an aerosol spray from pressured container 
or dispenser which contains a suitable propellant, e.g., a gas such as carbon dioxide, or 
a nebulizer. For transmucosal or transdermal administration, penetrants appropriate to 
the barrier to be permeated are used in the formulation. Such penetrants are generally 
known in the art, and include, for example, for transmucosal administration, detergents, 
10 bile salts, and fusidic acid derivatives. Transmucosal administration can be 

accomplished through the use of nasal sprays or suppositories. For transdermal 
administration, the active compounds are formulated into ointments, salves, gels, or 
creams as generally known in the art. 

15 Optionally, the formulation will also include a carrier, such as, for example, bovine 
serum albumin (BSA), keyhole limpet hemocyanin (KLH), ovalbumin, mouse serum 
albumin, rabbit serum albumin and the like. Means for conjugating peptides to carrier 
proteins are also well known in the art and include glutaraldehyde, m- 
maleimidobencoyl-N-hydroxysuccinimide ester, carbodiimide and bis-biazotized 

20 benzidine. 

The present invention will now be illustrated by the following Examples, which are not 
intended to be limiting in any way. The teachings of all references cited herein are 
incorporated herein by reference. 

25 

Example 1: Generation of targeting construct for producing human C5aR knock- 
in mouse 

To produce a mutant mouse strain by homologous recombination, two major elements 
30 are needed. An embryonic stem (ES) cell line capable of contributing to the germ line, 

and a targeting construct containing target-gene sequences with the desired mutation. 

Maintaining ES cells in their undifferentiated is accomplished by growing cells on a 

layer of feeder cells. The targeting construct is then transfected into cultured ES cells. 

ES cell lines are derived from the inner cell mass of a blastocyst-stage embryo. 
35 Homologous recombination occurs in a small number of the transfected cells, resulting 

in introduction of the mutation present in the targeting construct into the target gene. 
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Once identified, mutant ES cell clones can be microinjected into a normal blastocyst in 
order to produce a chimeric mouse. Because many ES cell lines retain the ability to 
differentiate into every cell type present in the mouse, the chimera can have tissues, 
including the germ line, with contribution from both the normal blastocyst and the 
5 mutant ES cells. Breeding germ-line chimeras yields animals that are heterozygous for 
the mutation introduced into the ES cell, and they can be interbred to produce 
homozygous mutant mice. 

As shown in Figure 1, the targeting construct used to replace the endogenous mouse 
10 C5aR sequence with the human C5aR sequence contains two regions of homology to 
the target gene located on either side of a positive selectable marker (PGK-Neo, a 
hybrid gene consisting of the phosphoglycerate kinase I promoter which drives the 
neomycin phosphotransferase gene). Homologous recombination proceeds by a double 
cross-over event that replaces the target-gene sequences with the replacement-construct 
15 sequences. Because no duplication of sequences occurs, the normal gene cannot be 
regenerated. 

When the targeting construct is linearized, the neo gene is flanked by two regions of 
homology to the target gene. Selection of the cells using drugs (e.g., G418) eliminates 
20 the great majority of cells that have not stably incorporated the construct. 

Although many gene inactivation approaches involving homologous recombination still 
use constructs that leave the positive selectable marker in the genomic DNA, it has 
become increasingly clear that this can cause a number of unanticipated effects. For 
25 example, the presence of the neo gene, often with its own promoter, can alter the 
expression of neighbouring loci. This can be a particular problem in gene clusters 
where neighbouring genes are in the same family, since the genes affected may have 
similar or identical functions. As a result, slight differences in targeting constructs have 
led to marked differences in phenotype. 

30 

For this reason, the targeting construct exemplified herein includes loxP sites flanking 
the PGK-neo gene, so that the selectable marker can be removed after targeting by 
transient expression of the Cre recombinase. This will leave the small loxP site in the 
genomic DNA, but the construct can be engineered so that this is in an innocuous 
35 location (Figure 2). Although theoretically even a loxP site could cause alterations in 
the expression of neighboring genes, no such cases have yet been reported. The 
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efficiency of Cre recombination from transient expression reported in the literature 
varies widely, from -2% to -15%. This rate should be distinguished from the 
efficiency of Cre recombination in vivo, where the expression of Cre is derived from 
sequences integrated into the genome and therefore will show longer-lasting expression 
5 in nearly all cases. 

SEQ ID NO:l shows the mouse genomic DNA sequence (~22kb) encompassing the 
C5aR (C5rl) gene. SEQ ID NO:2 shows the human C5aR cDNA sequence and SEQ 
ID NO:3 shows the human C5aR protein sequence. 

10 

The mouse genomic region as shown in SEQ ID NO: 1 (the target locus) is 
characterized as follows: 

exon 1: nucleotides 757-784 (5 ! untranslated region) 
15 exon 2: nucleotides 1048-1 152 (5' untranslated region plus start codon) 
exon 3: nucleotides 10726-11778 (all coding sequence except ATG). 

Figure 3 shows a restriction map of the 22kb sequence shown in SEQ ID NO: 1. The 
relevant restriction sites are as follows: 

20 



Enzyme 


#Cuts 


Positions: 








EcoRI 


2 


18462 


19176 






EcoRV 


4 


199 


5337 


9151 


18964 


Ndel 


2 


7698 


18758 






Xbal 


4 


1351 


15968 


16852 


20902 



The targeting vector used to generate the knock-in mice includes regions homologous 
to approximately 3kb genomic DNA either side of exon 3 (i.e. from about nucleotides 

30 7377-15045 as shown in SEQ ID NO: 1). In particular, the targeting vector comprised 
the region from about nucleotides 7377-15045 of SEQ ID NO:l except that nucleotides 
10726-1 1778 were replaced by nucleotides 28 to 1077 of SEQ ID NO:2. This means 
that following integration, the endogenous mouse exons 1 and 2 remain in the 
transgenic mammal but exon 3 of the mouse locus has been replaced with a sequence 

35 encoding human C5aR. 
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Transfection and identification of mouse embryonic stem cells 



Example 2: 



containing the human C5aR gene 



A basic protocol for the culture of embryonic stem (ES) cells and for introducing the 
5 targeting construct into ES cells is provided below. This protocol also outlines the 
method for identifying clones in which the target gene has been altered by homologous 
recombination. The resulting homologous recombinants are heterozygous for human 
C5aR and can be used to produce transgenic mice homozygous for the human C5aR 
gene. In this example the ES cells were derived from C57BL/6 mice. 

10 

Materials 

Targeting construct 
Embryonic stem (ES) cells 
15 ES/LIF medium 

Trypsin/EDTA: 0.25% (w/v) trypsin/1 mM EDTA (20 mM HEPES, pH 7.3, optional) 
ES medium 
Electroporation buffer 
G418 

20 Freezing medium 
Digestion buffer 
Saturated NaCl 
1% agarose gel 

25 Transfect construct and select ES cells 

1. Culture ES cells in ES/LIF medium. Passage cells every 2 to 3 days by seeding a 
100-mm gelatin-coated tissue culture plate with 1-2 x 10 6 cells/plate. Leukemia 
inhibitory factor (LIF) prevents ES cells from differentiating. Passaging cells at a 
30 higher density may be preferable if blastocyst injection of the cells is planned (e.g., 1 .5 
x 10 6 cells per 25-cm 2 flask). 



35 



2. Harvest ~5 x 10 6 to 1 x 10 7 cells by adding trypsin/EDTA and incubating for -5 
min until cells are freed from the plate surface. Dissociate to single cells by pipetting up 
and down five to ten times. Add 5 ml ES medium. Pellet cells and resuspend the cell 
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pellet in 1 ml electroporation buffer in the same tube. Typically, 10 7 cells can be 
obtained from a near-confluent 100-mm tissue culture plate. 

3. Add 1 pmol linearized, sterile construct DNA. 

5 

4. Electroporate the mixture at 450 V and 250 uF in a 4-mm electroporation 
cuvette. Incubate 10 min at room temperature. Many electroporation conditions can 
be used with ES cells. 

10 5. Plate cells in ES medium at -2 x 10 6 cells per 100-mm gelatin-coated tissue 
culture plate. Incubate 24 hr. 

6. Begin selection by changing ES medium to ES/LIF medium and adding G418 to 
0.2 mg/ml and GANG to 2 uM (final). 

15 

7. Continue incubation, changing medium daily using ES/LIF medium and adding 
G418 (0.2 mg/ml final), until single, isolated colonies are visible (typically 1 week after 
electroporation). Remove an individual colony from the plate using an autoclaved pipet 
tip, and place in a 35-ul drop of trypsin/EDTA for 5 min. Pipet up and down about five 

20 times to dissociate cells. Transfer cells to a well of a gelatin-coated 24-well microtiter 
plate containing 1 ml ES/LIF medium. 

8. Incubate until colonies are visible, but the cells are not differentiating (typically' 
3 to 4 days). Passage half of the cells to a well of a clean gelatin-coated 24-well 

25 microtiter plate. Add the remaining cells to 0.5 ml freezing medium and place at - 

70°C. Freeze overnight, then transfer to liquid nitrogen. Undifferentiated cells grow in 
smooth, round colonies. Differentiated cells are flatter with distinct intercellular 
boundaries. Proceed immediately to step 9 after placing half the cells in the freezer. 

30 Screen for homologous recombinants 

9. Incubate ES cells in 24-well microtiter plate (step 14) to near confluence 
(usually 2 to 3 days). Because it is not critical to prevent differentiation of the ES cells 
at this stage, LIF can be omitted from the culture medium; however, the presence of LIF 

35 may help to maintain cell growth. 
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10. Add 300 ul digestion buffer to each well. Transfer well contents to a 1.5 -ml 
microcentrifuge tube, and incubate overnight at 55°C. 

1 1 . Add 1 50 ul saturated NaCl and vortex vigorously (the solution will turn milky 
5 white). Add 2 vol of 95% ethanol (the solution will turn clear except for precipitated 

DNA). Some investigators precipitate the DNA using 2 vol ethanol (or 1 vol 
isopropanol) without adding salt. However, the DNA pellet resuspends more easily if 
salt is added. 

10 12. Resuspend DNA pellet in 50 ul water. Determine DNA concentration by 
measuring the absorbance at 260 nm. 

1 3 . Digest 1 0 ug DNA (or 1 0 ul if DNA concentration was not determined) with the 
appropriate restriction enzyme. 

15 

14. Fractionate the digested DNA on a 1% agarose gel. Transfer to a nylon 
membrane, and hybridize by Southern blotting to a suitable target-gene hybridization 
probe to distinguish the unaltered target gene from a target gene that has undergone 
homologous recombination. 

20 

15. Select ES cell colonies that show two hybridizing fragments of approximately 
equal intensity — one fragment of the predicted size for the unaltered target gene and 
one fragment of the predicted size for a target gene that has undergone homologous 
recombination. If the two fragments are of unequal hybridization intensity, the cell 

25 population may not be clonal. Freeze cells and store in liquid nitrogen. 

A total of 672 colonies of ES cells transfected with the hC5aR targeting construct were 
screened for homologous recombination between the targeting construct and the mouse 
genome. * 

30 

DNA extracted from ES cell colonies was digested with EcoRV or Xbal and 
electrophoresed through an agarose gel. The DNA was transferred to a filter (by the 
Southern method) and hybridised to 32 P-labelled 5' probe or 3' probe DNA using 
standard conditions. After washing, the filter was exposed to X-ray film. This 
35 screening yielded three colonies containing the human C5aR gene. Two of these 
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colonies (5H1 and 6C8) were identified as having a correctly integrated human C5aR 
gene in the mouse C5aR gene locus (data not shown). 

Example 3: Implantation of ES cells, generation of chimeras and germline 
5 transmission of the human C5aR gene 

The standard method for generating chimeras with ES cells uses 3. 5 -day-old mouse 
embryos (blastocysts). Embryos at this stage have a large fluid-filled cavity into which 
ES cells can be placed by injection. Blastocysts have already moved out of the oviducts 

10 and are found in the uterine horns. For injections, they must be harvested prior to 
hatching (loss of zona pellucida) and attachment to the uterine wall. Various mice 
strains are used to generate blastocysts for ES cell injections. In this example mouse 
strain Balb/c was used to generate blastocysts. This strain yields reasonable numbers of 
embryos. It tends to produce high-grade chimeras that can be easily distinguished by 

15 coat color when used with ES cells derived from a variety of C57BL/6 sub-strains. 

ES cells from colonies 5H1 and 6C8 were injected into -200 blastocysts. Blastocycts 
were implanted into pseudo-pregnant female mice. Some 17 coat-colour chimeras were 
bom with between 5 and 50% black fur. The 13 male chimeras were mated with 
20 C57BL/6 females and produced some 300 pups. Germline transmission of the human 
C5aR gene was observed in 19 pups from 5 chimera x C57BL/6 mating pairs. 

The presence of the human C5aR locus was confirmed by Southern blotting. Genomic 
DNA extracted from mouse tail was digested with EcoRV, electrophoresed and 
25 hybridised to the 3 5 probe. The filter was subsequently stripped and reprobed with the 
Neo probe. A number of mice were shown to contain the C5aR gene. The genotype of 
these mice was designated hC5aRfloxed(neoR)/wt (abbreviated H5Rf/+). 

Example 4: Breeding and identification of mice homozygous for the human C5aR 
30 gene 

A generation H5Rf/4- mice were mated with C57BL/6 Cre deleter mice to remove the 
neoR marker gene thus generating H5R/wt/Cre mice. The H5R/wt/Cre mice were 
mated with C57BL/6 mice to remove Cre gene thus generating heterozygous H5R/wt 
35 mice (H5R/+). Matings between H5R/+ mice produced H5R/H5R homozygous knock- 
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in mice. Some H5Rf/+ x H5Rf/+ matings were also set up and generated H5Rf/H5Rf 
homozygotes. 

Confirmation that mice carry the human C5aR gene was made using a PCR-based 
5 genotyping assay. The Southern blot genotype assay used above to identify mice 

carrying the human C5aR gene was based on hybridization with a mouse-specific DNA 
probe (not a human C5aR gene specific probe). The PGR assay described below 
utilized primers that specifically amplify human or mouse C5aR gene sequences. 

10 Preparation of tail DNA 

3mm tail tips were placed in 1.5ml sterile eppendorf tubes and incubated overnight at 
65°C in 200 ul of DNA isolation buffer (67 mM Tris-Cl pH 8 .0 (Calbiochem), 16.6 
mM ammonium sulphate (Sigma), 6.5 mM magnesium chloride (Promega), 1% 0- 

15 mercaptoethanol (ICN Biomedical) and 0.05% Triton X100 (Sigma)). The supernatant 
was transferred to a new 1.5 ml tube containing 500 ul 100% ethanol (UNTVAR), 
mixed and incubated for 2 hours at -20°C, then centrifuged for 15 minutes at 4°C 
13,000 rpm (Labofuge 400R, Heraeus Instruments) to precipitate purified genomic 
DNA. The DNA pellet was washed in 70% ethanol and allowed to dry before being 

20 resuspended in 50 ul distilled water. A 1 ul aliquot was used as the DNA template in 
the following PGR assay. 

PCR to amplify human and mouse C5aR genes 

25 Each PCR reaction contained 5 ul of magnesium free lOx PCR buffer, 5 ul of 25 mM 
magnesium chloride, 0.5 ul Taq DNA polymerase (2.5 units/ul), 1 ul lOmM dNTPs 
(Promega), 1 ul of each 10 mM oligonucleotide primer (F1C, R2a ? F3C and R4C), 1 ul 
template DNA. The total volume was made up to 50 ul with distilled water. The 
oligonucleotide primers used were: 

30 

5 ' -TGGACTAC AGCC ACGAC AAACG-3 ' (F1C) (SEQ ID NO:4) and 
5 ' - AGGAAGGACATC ATTATCCCCG-3 1 (R2a) (SEQ ID NO:5), 
both specific for the human C5aR exon 3; and, 



35 



5'-CACCAGCCCCGAGATTTTTTC-3' (F3C) (SEQ ID NO:6) and 
5 '-TCAGAAACCAGATGGCGT-3 1 (R4C) (SEQ ID NO:7), 
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both specific for the mouse C5aR gene. 

The target sequences were then amplified using a PGR System 2700 thermal cycler 
(Applied Biosystems). PGR began with a 5 min 95°C denaturation step, followed by 25 
5 cycles of three steps: 95°C for 30 sec, 60°C for 30 sec and 72°C for 60 sec. A final 
extension step: 5 min at 72°C was followed by storage at 4°C. 

Gel electrophoresis 

10 The genotype of each sample was visualised using gel electrophoresis with 10 ul of 
PGR product and 6x loading dye (Promega). The gel consisted of 80 ml of 1 .5% DNA 
grade agarose (Progen) in lx TBE and 2 ul of ethidium bromide (MP Biomedicals). 
Samples were run at 100 volts for 30 min alongside a 1 kb DNA ladder (Promega). It 
was expected that homozygous H5Rf/H5Rf mice DNA would have a single 237 bp 

15 band, heterozygous H5Rf7+ mice would have 237 bp and 565 bp bands and wild-type 
mice would have a single 565 bp band. Analysis of the gel showed that mice #10, 24 
and 25 were homozygous (H5Rf/H5Rf) (data not shown). In some samples, an 
irrelevant transcript 1 139 bp in length was observed (amplified with primers F3C and 
R2a). 

20 

The relative location in the mouse/human C5aR locus of the PGR primers FIG, R2a, 
F3C and R4C used in the genotyping assay is shown in Figure 4. 

Example 5: Human C5aR is expressed on cells isolated from knock-in mouse 

25 

To confirm that human C5a receptor is expressed in mice carrying the human C5aR 
gene neutrophils were isolated from the blood of a wild-type (+/+), a heterozygote 
(H5RJ/+) and a homozygote (H5Rf7H5Rf). 

30 Direct immunofluorescence staining of C5aR in whole mouse blood 

Approximately 30 ul peripheral venous blood was collected from homozygous 
(H5Rf/H5Rf), heterozygous (H5Rf7+) and wild-type (+/+) mice in a tube containing 
EDTA (final concentration of EDTA was 5 mM). For detection of human C5aR 
35 receptor 30 ul blood was stained with 5 ul FITC (fluorescein isothiocyanate, Sigma)- 
labeled 7F3, an antibody specific for human C5aR (7F3 does not cross-react with 
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mouse C5aR). Blood and antibody were incubated in a 12 x 75 mm test tube for 15 min 
at room temperature. To lyse erythrocytes and fix cells 500 ul BD Lysing Solution 
(Becton Dickinson) was added to the blood/antibody solution. After 15 min the cells 
were centrifuged at 1,200 rpm for 3 min at room temperature and the cell pellet was 
5 resuspended in 1 ml wash buffer (1 x PBS, 0.1% BSA, 0.02% sodium azide). Cells 
were analysed in a FACS Calibur flow cytometer (Becton Dickinson) using Cell Quest 
software (Becton Dickinson). For each sample approximately 5,000 cells were counted. 

Figure 5 shows the results of this analysis. The neutrophils from both the homozygous 
10 and heterozygous KI mice bound 7F3, an antibody specific for human C5aR. In 

contrast, neutrophils from wild-type mice were not stained by 7F3. Lymophocytes from 
all genotypes of the mice were not stained with mAb 7F3. This was expected since 
C5aR is not expressed on lymphocytes. Monocytes from the homozygous and 
heterozygous knock-in mice were partially stained with 7F3, indicating a small 
15 percentage of the cells expressed human C5aR. No monocytes from the wild-type 
mouse were positive for 7F3 staining. 

In summary, mice carrying the human C5aR gene express human C5aR on the surface 
of the cell types expected. This indicates that the mouse cell is able to express and 
20 process the human C5a receptor. 

Example 6: Human C5aR knock-in mice can be used to screen anti-inflammatory 
compounds 

25 

To demonstrate the utility of the human C5aR knock-in mice we subjected homozygous 
(H5Rf/H5Rf) mice to a model of inflammatory disease, namely, the K/BxN model of 
rheumatoid arthritis. 

30 K/BxN TCR transgenic (tg) mice express a transgene-encoded (T cell receptor) TCR 
reactive to a self-peptide derived from the ubiquitously expressed glycolytic enzyme, 
glucose-6-phosphate isomerase (GPf), presented by the MHC class H molecule Ag7. 
These animals spontaneously develop a very aggressive form of arthritis, beginning at 3 
to 4 wk of age. As in humans, the disease is chronic, progressive, and symmetrical, and 

35 it exhibits most (although not all) of the clinical, histological, and immunological 

features of RA in humans. Histological features include leukocyte invasion, synovitis, 
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pannus formation, cartilage, and bone destruction. The murine disorder, critically 
dependent on both T and B cells, is joint specific but is initiated, then perpetuated, by 
T, then B, cell autoreactivity to a ubiquitously expressed antigen, GPL 

5 Strikingly, transfer of serum (or affinity purified anti-GPI IgGs) from arthritic K/BxN 
mice into healthy animals provokes arthritis within days, even when the recipients are 
devoid of lymphocytes. 

Serum transfer protocol, antibody treatment and arthritis scoring. 

♦ 10 

Sera from arthritic K/BxN mice at 60 d of age were pooled and injected 
intraperitoneally (i.p.) (150 ul total volume) into 6-9 week old homozygous 
(H5Rf/H5Rf) and wild-type (+/+) mice on each of days 0 and +2. Sterile antibody (200 
ug mouse anti-human C5aR antibody 7F3 - isotype IgG2a or 200 ug isotype IgG2a 
15 control antibody) in PBS was injected i.p. into mice on each of days -1 and +3. 

Arthritis was scored by clinical examination daily over 10-14 days. The severity of 
arthritis in each affected paw was graded as follows: 
0 point: no evidence of inflammation 
20 1 point: subtle inflammation (metatarsal phalanges joints, individual phalanx or 

localised oedema) 

2 points: easily identified swelling but localised to either dorsal or ventral 
surface of paw 

3 points: swelling on all aspects of paw 

25 The sum of the scores from all four paws in each mouse was defined as the clinical 
score (maximum score per animal = 12) and represents overall disease severity and 
progression in an animal. 

Ankle thickness was measured using a calliper everyday. The thickness of each hind 
30 ankle was measured twice and an average of the 4 measurements calculated. Ankle 
thickening was defined as the difference in ankle thickness from the day 0 
measurement. Mice were weighed daily. 
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Histology 

The basic procedure of fixation, decalcification, paraffin sections, and 
hematoxylin/eosin staining of joint sections are as described (Kouskoff et al., 1996, 
5 supra). For immunohistology, unfixed and undecalcified cryostat sections are obtained. 
In brief, dissected ankle joints without skin are embedded in OCT, frozen in dry ice 
isopentane, and mounted on a cryomicrotome support at -25°C. After trimming the 
tissue block to a desired level, transparent tape is fastened onto the section surface of 
the block. Sagittal sections (6 or 8 mm thick) are cut underneath the tape, and the tissue 
10 is subsequently transferred to an adhesive-coated slide. Slides are stored at -80°C until 
use, then acetone-fixed for 30 s to 1 min and air dried for 30 min. Nuclei are 
counterstained with 50 ng DAPI (Molecular Probes). 

Homozygous human C5aR knock-in mice develop inflammatory disease. 

15 

To induce inflammatory disease the homozygous human C5aR knock-in mice (on 
C57BL/6 background) and wild-type/control (C57BL/6) mice were injected with 
K/BxN serum. Previous studies have determined the optimum dose of serum required 
and the expected time course of inflammation in the K/BxN model of rheumatoid 
20 arthritis. In this experiment all mice were injected i.p. with 2 lots of 150 ul of serum 
collected from arthritic K/BxN mice. It was expected that the wild-type mice would 
show signs of inflammation within 4 days of serum injection. 

We would also expect the human C5aR knock-in mice to show signs of inflammation if 
25 the hC5aR gene is expressed and the receptor protein is processed correctly and is 
coupled to the G-protein signalling system. Firstly, the affinity of human C5a for the 
C5a receptor in mouse and human cells is very similar (Woodruff et al, 2001, 
Inflammation, v25, pl71-177) suggesting that the affinity of mouse C5aR for the 
human C5a receptor would be similar to its affinity to mouse C5aR. Secondly, studies 
30 with C5aR deficient mice have shown that the absence of C5aR prevents inflammation 
in the K/BxN model (Ji et al, 2002, Immunity, vl6, pl57-168). Therefore, if the human 
C5aR gene was not expressed, or the human C5aR receptor was not functioning 
correctly then the homozygous hC5aR mice would not show signs of inflammation 
after K/BxN serum injection. 



35 
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In this model the outward clinical signs of inflammation are oedema and reddening of 
the paws, particularly the hind paws. Before and every day after serum injection mice 
were weighed and their hind ankle thickness measured, and a clinical score determined 
as described above. Figure 6 shows the increase in ankle thickness and clinical score 
5 for wild-type and homozygous mice injected with the K/BxN serum. The progression of 
disease in the homozygous hC5aR knock-in mice was the same as in the control mice 
with inflammation apparent starting on day 3 after serum injection. This demonstrates 
that the expression and processing of the human C5a receptor in the knock-in mice is 
normal. 

10 

Histological examination of the cross section of ankle taken from mice on day 13 after 
serum injection in this model reveals bone erosion and infiltration of leukocytes into the 
synovial joint. The extent of tissue destruction, and accumulation of leukocytes was 
similar in the homozygous hC5aR knock-in mice and the control mice (data not 
15 shown). 

Homozygous human C5aR knock-in mice can be used to test compounds for anti- 
inflammatory properties . 

20 The human C5aR knock-in mice were developed as a useful tool to screen anti-human 
C5aR compounds for anti-inflammatory activity. To test the utility of the mice we 
administered both homozygous hC5aR and wild-type (control) mice an antibody 
specific for human C5aR (it does not bind to mouse C5aR) or a control antibody (same 
isotype but irrelevant specificity) in the K/BxN model and determined the effect of the 

25 antibody on inflammatory disease progression. The antibody was injected i.p. twice 
(200 ug per dose), one day before and one day following the first K/BxN serum 
injection. Mice were monitored as described above. 

Figure 7 shows the clinical disease progression and ankle thickening in mice over the 
30 course of the experiment. The homozygous hC5aR knock-in mice injected with control 
antibody developed swelling and other signs of inflammation. In contrast the hC5aR 
knock-in mice injected with the anti-human C5aR antibody 7F3 did not develop clinical 
signs of inflammation. Control (wild-type) mice treated with 7F3 developed 
inflammation as evidenced by the increase in ankle thickness - as expected since 7F3 
3 5 specifically binds human C5aR and does not bind mouse C5aR. 
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Furthermore, histological analysis revealed that mice injected with the anti-human 
C5aR antibody did not have tissue damage - the architecture of the synovial joint 
appeared normal with no signs of bone erosion, or excessive leukocyte infiltration - 
when compared to the ankles of mice injected with control antibody (data not shown). 

5 

This data clearly shows that the human C5aR knock-in mice are useful for testing 
compounds for anti-inflammatory activity in inflammatory disease models. 

All publications referred to above are incorporated herein in their entirety by reference. 

10 

It will be appreciated by persons skilled in the art that numerous variations and/or 
modifications may be made to the invention as shown in the specific embodiments 
without departing from the spirit or scope of the invention as broadly described. The 
present embodiments are, therefore, to be considered in all respects as illustrative and 
15 not restrictive. 



